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NUMBER 5 


Electricity in the “‘City of the Holy Cross.” 


ANTA CRUZ, situated on the northerly shore of the 
Bay of Monterey and eighty odd miles over the 
Santa Cruz Mountains almost due south of San 

Francisco, is an interesting city electrically—interesting 
in what it should not be, and interesting in that which it 
is. Possessed of some 10,000 inhabitants, and perfectly 
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BIG CREEK DAM AND RESERVOIR 


located with reference to sea and mountain, as well as 
being favored with every advantage that California can 
endow in the way of climate and productiveness, Santa 
Cruz is already a thriving city of greatest promise, yet 
the electrical situation there is anomalous in that its 
services are rendered by half a dozen conflicting interests, 
each ‘‘knifing’’ the other and none earning the proper 
meed for its enterprise. The street and municipal build- 
ing lights are furnished by a steam-driven city plant; 
the Co-operative Electric Company maintains a steam- 
driven electric lighting plant, for isolated and genera] 
service, at the Casino—Santa Cruz’ famous ocean beach 
bathing and recreation pavilion—and the Big C-eek 
Power Company, with electric power transmission service 
rendered from its water power plant in the Santa Cruz 
Mountains and its steam-driven plant in Watsonville, 


LOWER FACE OF THE MILL" CREEK DAM 


supplies current for the operation of the electric circuits 
of the Santa Cruz Gas and Electric Company and the two 
competing railway systems which occupy the streets of 
the city, viz., the Santa Cruz, Capitola and Watsonville 
Railway Company and the Santa Cruz, Capitola and 
Garfield Park Railway Company. There are thus six 
different electric companies in Santa Cruz; one sells elec- 
tric power in bulk, two use steam power, and three buy 
power from the Big Creek transmission service. 


THE BIG CREEK POWER COMPANY. 


From the standpoint of the amount of power developed 
the Big Creek Power Company is the most important 
electrical enterprise of Santa Cruz. Water for the opera- 
tion of its hydraulic plant is derived from dual sources in 
the Santa Cruz Mountains—the ‘‘Adirondacks of Cali. 
fornia.’’ Inthe original development, installed in the 
spring of 1896, the plant was located on Big Creek which 
was believed to be capable, through the building ofa 
storage reservoir, to deliver a minimum of 1000 horse- 


power throughout the year. The normal flow of the 
creek without storage was such as to make it inadvisable 
to rely upon a minimum in excess of 500 horsepower, 
while for eight months in the year the creek could be 
depended upon to furnish water for the delivery of about 
2500 horsepower. Two years ago, however, the Big 
Creek development was reinforced by diverting into it 
the flow of Mill Creek, which, in conjunction with its 
storage system, was planned to enable the continuous 
delivery of some 2000 horsepower from the plant. 

In both cases water is impounded by means of crib 
dams, that for Mill Creek covering an area of approxi- 
mately twenty-four acres. It has a base 350 feet in width, 
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THIS TRESTLE SUPPORTS THE MILL CREEK FLUME 


its height is eighty feet and its crest is fifty 
feet wide. ‘This dam may be properly de- 
scribed as a crib dam filled with earth and 
rock, and in addition it is anchored by two 
great redwood trees that were felled across the 
canyon. Its up-stream face is surfaced by 
planking of redwood seven inches in thick- 
ness; that is, twotwo-inch and three one-inch 
boards so laid as to break cracks and joints. 
From this reservoir water flows into the old 
Big Creek flume through two and one-half 
miles of flume. The topographic formation of 
the country is such that Big Creek flows down 
one side of a backbone ridge, the other side 
of which forms the canyon through which 
Mill Creek flows. In these respective and 
heavily timbered canyons are the ditches for 
the two systems, which unite at the junction 
of the creeks at the end of the ridge shortly 
below which the power house is located. As 
a precautionary measure against leaves and 
floating debris which drops from the dense 
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A COVERED FLUME IS THE BEST PREVENTION AGAINST LEAVES AND DESGRIS 
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underbrush, the flumes are covered throughout the entire 
distance. The most striking feature of the Mill Creek 
flume, however, is the 300-foot trestle which spans one of 
the ravines that are crossed. 

This trestle, which is illustrated herewith, is seventy- 
five feet in height and is built of 4x4 and 4x6 redwood 
timbers. The Big Creek flume is 11,125 feetin length, its 
depth being eighteen inches and its width thirty inches. 
This flume was built of one-inch redwood boards doubled 
with lapped joints. Beyond the point of its junction 
with the Mill Creek flume it has, however, been enlarged 
to a size of three by five feet, whence the water is con- 
ducted to the penstock, from which it is taken through 
1930 feet of pipe, by means of which it reaches the power 
house under a head of 923 feet, the effective head being 
895 feet, showing a loss of twenty-eight feet in friction. 
This pipe line is of the leaded and banded joint variety, 
and to particularize, its sections, beginning with the pen- 
stock and continuing towards the power house, consist 
of 965 feet-of sixteen-inch No. 12 iron pipe, 370 feet of 
fourteen-inch No. 10 steel pipe, 200 feet of fourteen-inch 
No. 8 steel pipe, 200 feet of fourteen-inch No. 6 steel 
pipe, and 200 feet of fourteen-inch No. 5 steel pipe. 

The power house is a comparatively small structure 
located at the foot of the pipe line on the westerly bank 
of Big Creek. As installed in March, 1896, its equip- 
ment consisted of a forty-six-inch Pelton wheel having a 
capacity of 500 horsepower at 600 revolutions per minute, 
from which was driven through a direct coupling a 150- 
kilowatt Westinghouse generator delivering two-phase 
current at 1100 volts and sixty cycles. Some eighteen 
months ago, however, this plant was enlarged by the 
installation of an additional 150-kilowatt, two-phase 
generator, direct driven from the same water wheel on 
itsotherend. Moreover, there was installed an additional 
set consisting of a fifty-four-inch Pelton water wheel run- 
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INTERIOR OF THE BIG CREEK POWER PLANT 


ning at 514 revolutions per minute, from which was 
driven through direct couplings one 400-kilowatt and one 
180-kilowatt Westinghouse two-phase at 1100 volts and 
60 cycles. The exciting equipment consists of a two- 
inch Pelton wheel driving an eleven-and-one-half-kilo- 
watt, 125-volt exciter, and two six-kilowatt Westinghouse 
exciters, respectively, all under direct coupling. 

The_original water wheels were of the fly-wheel form, 
with cast iron buckets, but later they were replaced with 
cast iron discs and bronze buckets. ‘Their jets were of 
the six-inch double nozzle and the five-inch single nozzle 
types, respectively, while the wheel installed in March, 
1901, consists of a cast steel disc with fifty-four cast steel 
buckets, fitted with a ten-inch double nozzle. All wheels 
are mounted on concrete foundations and are provided 
with flexible couplings; but their constructional features 
possess nothing of an unique character save in the fact 
that the nozzle for the unit which was installed last drops 
down and traverses directly under the first unit before 
reaching its wheel. The two nozzles of the latter are 
controlled collectively by a single gate valve, but one of 
its two nozzles has a separate gate valve by means of 
which regulation is effected. 

The raising transformers have a combined capacity of 
1100 kilowatts in eight units, namely, two 250-kilowatt 





A TYPICAL BURNED OROSS-ARM AND FOG PROTECTION BOX 
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transformers, two 150-kilowatt transformers and four 
75-kilowatt transformers, which take two-phase current 
at 1100 volts and raise it to three-phase current at 11,000 
volts or 22,000 volts for transmission purposes, but only 
the 11,000-volt connections are used. As the reducing 
transformers are of the three-phase-two-phase variety, 
the Scott system of generation, transmission and distri- 
bution is used. All power house and substation switch- 
boards and appliances are of standard Westinghouse 
forms throughout, and as such require no detailed descrip- 
tion. 

Round redwood poles, which were cut in the mount- 
ains thereabouts, are used. These poles are thirty feet 
long, are set approximately forty to the mile, and each 
carries two cross-arms of Oregon pine, the top one being 
a four-pin and the lower a two-pin arm, thus providing 
for two three-phase circuits. No. 5 Locke porcelain in- 


sulators are used, and the two circuits are of No. 5 and 
No. 8 B. & S. gauge, hard-drawn copper, respectively, 





the wires of each circuit being placed on a twenty-seven- 
inch inverted equilateral triangle. The length of the 


line from the power house to the Santa Cruz substation 
is seventeen and one-third miles. 


The main line is bar- 


| ts 


aaa 


A STRETCH OF THE SANTA CRUZ LINE 
SHOWING FOG BOXES 
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relled each mile, and immediately below the lower cross- 
arm is carried a telephone circuit of No. 12 galvanized 
iron wire supported on brackets and pony glass insulat- 
ors. This line is transposed at every fifth pole. 

A second pole line, which is similar in general construc- 
tural features to the first, extends from the power-house 
to Santa Cruz by way of Ben Lomond, a distance of 
twenty miles. No.4 hard drawn copper is used, and the 
circuit is of the three-phase variety. At Ben Iomond is 
a small substation through which about 1000 sixteen- 
candle-power lights are taken off the line for local distri- 
bution. This Ben Lomond line was built in order to 
afford an inlet for Santa Cruz along some route other 
than that of the coast, on which the first line was built. 
In fact, the location of the original line along the very 
ocean beach for practically its entire distance proved to 
be a matter of exceeding annoyance in the frequent shut- 
downs to the service that were caused by the fogs, sea- 
spray and’ dust, which resulted in the frequent burning 
out of the insulators, pins, cross-arms and even of the 
poles. In fact, it was not an infrequent occurrence after 
a heavy fog for four or five cross-arms to be burned out 
during a single night. It was this condition, as stated, 
which led to the building of the Ben Lomond line that is 
placed well inland, far out of the deleterious influences 
found on the coast. Nevertheless in July, 1go1, E. C. 
Lilly of the Big Creek Power Company devised and in- 
stalled an ingenious method for preventing the accumu- 
lation of moisture and dust on the pin and insulator, 
and since the equipment of the exposed section of the 
line, which covers nearly eighteen miles, the trouble has 
not recurred in a single instance. This device, which 
these columns have referred to  heretofore*, con- 
sists merely of V-shaped boxes built on the cross- 
arm, extending up towards the lower petticoat of the in- 
sulator. ‘To be exact, in a cross-arm having a section of 
two and three-quarter by three and one-half inches, this 
box is nine inches in length by six inches in width by a 
depth of three inches above the upper surface of the 
cross-arm. It is made of one-inch redwood boards nailed 
together, and each insulator has a separate box. The 
principle upon which they were installed is merely that 
they afford an obstruction against which fog, spray and 
dust may beat, instead of being driven against the pins 
and insulators, over which it would sometimes form a 
coating of mud up to half an inch in thickness. The 
satisfaction which has resulted from the use of these in- 
sulator boxes elsewhere, notably on the coast transmis- 
sion lines of The Edison Electric Company of Los An- 
geles, where three-phase current at 25,000 volts is being 
transmitted from Santa Monica to San Pedro and Long 
Beach, and where the use of the insulator box has proved 
equally successful as at Santa Cruz. 

From Santa Cruz an extension of the transmission 
line has been built into the city of Watsonville, a dis- 
tance of twenty miles. This line is supported on twenty- 
seven-foot sawed redwood poles and supports a single 


* THE JOURNAL, Volume XV, page 19, January, 1905. 
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THE CASINO ON THE BEACH AT SANTA ORUZ, AS SEEN FROM THE PIER 


three-phase circuit of No. 4 hard-drawn copper wire, 
carried on Provo No. 2 glass insulators in a thirty-six- 
inch triangle, the insulators being mounted on eucalyptus 
pins. The Watsonville line passes the towns of Soquel 
and Aptos, and within a mile of the ocean beach at Capi- 
tola, but no power is taken from it en route. 


THE WATSONVILLE STEAM AUXILIARY PLANT. 


At Watsonville current is delivered to the Watsonville 
Gas and Electric Company for local distribution, and in 
addition the Big Creek Power Company has installed a 
remarkably complete steam auxiliary plant, primarily as 
the result of the growth of the business of the company 
beyond the capacity of the water power station, and, 
secondarily, because of the necessity of a reserve plant 
Which can be relied upon to con- 
tinue service during periods of 
low water. The plant consists 
of three Babcock & Wilcox 
water-tube boilers of the vertical 
header type, each containing 
2460 square feet of heating sur- 

“face and capable of being oper- 
ated under a maximum pressure 
of 160 pounds per square iuch. 
Oil fuel is used, the same being 
stored in a 500-barrel cement 
tank set in the ground in the 
rear of the station. The plant 
is located on the westerly bank 
of the Pajaro River, which affords 
an abundance of water for con- 
densing purposes. No local ser- 
vice is distributed from this plant, 
as the Watsonville load is taken 
from the main transmission line 
and reduced for local service at 
the centrally located substation 
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THE PESCADERO ROAD FOLLOWS CLOSE TO THE EDGE OF THE SANDSTONE CLIFFS 
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of the Watsonville Gas and Elec- 
tric Company. ‘This substation 
contains four seventy-five-kilo- 
watt Westinghouse transformers, 
reducing from 11,000 volts three- 
phase to 2200 volts two-phase. 
The steam plant, therefore, 
simply works in parallel with the 
transmission line during periods 
of heavy load or of drought. 
Steam is maintained in the boil- 
ers at all times, and during the 
summer the plant is in regular 
service at practically all times. 
To revert to the details of the 
plant, the boilers lead to a com- 
mon header through respective 
stop and check valves of the 
Pearson automatic type, whence 
steam is taken to a cross-com- 
pound side-crank horizontal Mc- 
Intosh & Seymour engine, having a stroke of forty-two 
inches by piston diameters of twenty-two and forty-six 
inches for the high and low pressure cylinders respect- 
ively. This engine, which runs at a speed of 120 revo- 
lutions per minute, is direct connected to a 750-kilowatt, 
11,000-volt, sixty-cycle, three-phase alternator of the 
Westinghouse revolving field type, and the main shaft 
carries a fourteen-foot band wheel, from which is driven 
by belting a fifteen-kilowatt, 125-volt Westinghouse 
multipolar exciter. The engine is fitted with a McIntosh 
& Seymour electrically operated steam changing mech- 
anism placed in the governor pulley and which is oper- 
ated by an electric motor that changes the governor, 
so as to allow the engine to be speeded up or down 
four orifive revolutions per minutes while the engine 
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EXTERIOR AND INTERIOR VIEWS OF THE WATSONVILLE AUXILIARY PLANT OF THE BIG CREEK POWER COMPANY 
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NATURAL BRIDGES LIKE THIS ARE FOUND ON THE OLIFF DRIVE 


is running. The details of this mechanism have been 
given in these columns heretofore,* hence suffice it to 
say at this time that it enables the engines to be run 
under exceedingly close regulation, so as to bring the 
generator to proper speed for paralleling with any ex- 
ternal circuit. 

The lay of the plant is fully shown in the accompany- 

ing elevation and ground plan, and it is fully provided 
with all steam devices necessary for a thoroughly modern 
steam installation. Prominent among these may be men- 
tioned the Stut separator, a Wheeler admiralty surface 
condenser and an Edwards suction valveless air pump and 
a centrifugal circulating pump. The valveless air pump 
is worthy of particular attention 
in that it dispenses with all suc- 
tion valves, as in it the condensed 
steam flows continuously by 
gravity from the condenser to 
the base of the pump, whence it 
is mechanically removed by a 
conical bucket or piston working 
within a base of similar shape. 
By the action of this bucket the 
water is projected without shock 
and at high velocity through 
ports which are cast in the side 
of the working barrel. The 
rising water is followed by a 
rising bucket which closes the 
port and discharges the air and 
water through the valves and 
into the barrel of the pump. 

The remaining equipment of 
the steam plant consists of a 


*THE JOURNAL, Volume XI, page 275, 
December, 1901. 
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Goubert feed water heater hav- 
ing a nominal rating of 600 
horsepower, two 7x4%4x8-inch 
Snow duplex boiler feed pumps, 
and two Moore single fuel oil 
pumping systems of a size of 
4%x2%x4 inches. These oil 
systems consist of a 44%x2%x4- 
irch Snow pump specially fitted 
for oil, which are mounted on a 
cast iron bed plate with support- 
ing legs, together with an oil 
heater and receiver having a cast 
iron shell placed underneath the 
pump in which the oil is heated 
by means of exhaust steam from 
the pump which circulates 
through a suitable copper coil. 
Each pumping system is of ample 
capacity for outrating the entire 
plant, hence only one system is 
used at a time, the second being 
held in reserve. The furnaces 
are equipped with Babcock & Wilcox marine oil burners 
and all minor details, including feed water and oil meters, 
traps, relief valves, etc., are complete in every detail. 
The plant is noteworthy from the comparative absence 
of electrical detail, for, as its generator runs in parallel 
with the transmission line, the only electrical equipment 
necessary consists of a generator and exciter panel, a set 
of high tension switches of the ‘‘M. T.’’ type and three 
small transformers for the operation of the lighting serv- 
ice about the premises. As but a comparatively small 
amount of power is taken off at Watsonville—some 250 
kilowatts—the bulk of the power developed by the auxil- 
jary steam plant is transmitted to Santa Cruz, to which 
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A SUNDAY CROWD AT THE BEACH AT SANTA CRUZ 


city the plant properly belongs, rather than to Watson- 
ville. 


THE CASINO AND CO-OPERATIVE ELECTRIC COMPANY. 


As asummer resort Santa Cruz is to California what 
Coney Island and Manhattan Beach are to New York, 
for the perfect climate of Santa Cruz is temperate in both 
winter and summer. Especially marked does the con- 
trast of California climate become when a distance of one 
or two score of miles inland means an increase of tem- 
perature of as high as forty or fifty degrees in summer. 
As a result, of the thousands upon thousands who seek 
the coast in summer, tens of thousands visit Santa Cruz 
in quest of rest and recreation and to obtain surcease 
from heat. Thus has the Santa Cruz beach become the 
busiest of any watering place on the Pacific Coast. It is 
reached by a broad and well lighted esplanade down 
which runs a broad footwalk and driveway and two elec- 
tric street railway lines, which terminate in the rear of 
the great Casino, that embraces broad roof gardens, an 
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auditorium, a grill room and 
cafe, a penny arcade—the largest 
and most elaborate in the State— 
many booths for the sale of 
curios, a shooting gallery, a 
merry-go-round, plunge bath 
and hundreds of dressing rooms 
for indoor and surf bathing, hot 
salt water and hammam baths, 
massage and manicuring purlors, 
besides a steam laundry and a 
complete steam-driven electric 
lighting station. A broad pier 
runs from in front of the Casino 
well out into the surf, while 
behind the Casino is the Tented 
City with its hundreds of white 
tents and its own cafe where pop- 
ular prices prevail. As many as 
30,000 people have visited the 
beach on a single Sunday and 
during the summer the scene is a 
most animated one at all times. 

The necessity for heating the water of the plunge and 
hammam baths, which forms so important an adjunct to 
the Casino, together with the great amount of electric 
light used in the illumination of the building and in ex- 
terior decorative effects, gave reason for the installation 
of the steam and electric plant, which occupies the south- 
ernmost portion of the Casino. This steam-electric plant, 
however, is under the separate ownership of Messrs. 
Henry Willey, H. E. Irish, J. J. C. Leonard and George 
C. Staffer, who, in addition to lighting the Casino, are 
doing a general central station electric lighting business 
therefrom under the name of the Co-operative Electric 
Company of Santa Cruz. 

A battery consisting of two Babcock & Wilcox boilers 


-of the vertical header type and each having 1175 square 


feet of heating surface, develops steam at a boiler press- 
ure of 125 pounds per square inch. These boilers supply 
steam to a 22 by 36 series ‘‘B’’ condensing Hamilton- 
Corliss engine running at eighty-four revolutions per 
minute and developing 300 indicated horsepower, and 
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STEAM PLANT OF THE CO-OPERATIVE ELECTRIC COMPANY, AT THE CASINO, OCEAN BEACH OF SANTA CRUZ 
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ELEVATION AND GROUND PLAN OF THE CENTRAL STATION OF THE CO-OPERATIVE ELECTRIC COMPANY AT THE CASINO, SANTA CRUZ 
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which was built under the specifications of the Hoover- 
Owens-Reneschler Company. It carries a sixteen-foot 
band wheel having a twenty-nine-inch face, whence is 
belt driven a 180-kilowatt, 2300-volt, three-phase West- 
inghouse alternator, together with a five-horsepower, 125- 
volt exciter and a single-phase marble generator and ex- 
citer switchboard of standard Westinghouse type, consti- 
tutes the electrical equipment of the station. From 
another switchboard the lighting circuits of the Casino 
and the commercial circuits are controlled, the latter oper- 
ating the electric lighting services of the Sea Beach and 
St. George Hotels and a number of the principal business 
establishments of the city. 


THE ELECTRIC RAILWAYS OF SANTA CRUZ. 


The remaining electrical systems of Santa Cruz, though 
not inconsequential, are of minor engineering interest. 
Its municipal street-lighting plant contains tubular boil- 
ers burning oil which furnish steam for the operation of 
a Corliss engine that, in turn, drives two sixty-five-light, 
2000-candle-power Brush are dynamos, and, in addition, 
drives a centrifugal pump for handling sewerage. 

The Santa Cruz Electric Light and Gas Company, of 
which James McNeil is president, takes current for its 
electric services from four seventy-five-kilowatt Westing- 
house oil-insulated, air-cooled transformers, which reduce 
the line potential of nominally 11,000 volts, three phase, 
to 1100 volts, two phase, for local distribution, whence it 
is transformed again to 110 volts for lighting purpeses. 
These transformers are located in the Santa Cruz substa- 
tion of the Big Creek Power Company, which renders it 
unnecessary for the Santa Cruz Electric Light and Power 
Company to maintain a substation. All gas service in 
Santa Cruz is rendered by the latter company, water gas 
made by the Lowe crude oil system being used. 

As stated, Santa Cruz supports two electric railway 
systems, the most important of which is the Santa Cruz, 
Capitola and Watsonville Railway Company, which oper- 
ates about six miles of single track with a gauge of three 
feet eight and one-half inches, extending from various 
points in Santa Cruz through to Capitola, including Del 
Mar, T'wio Lakes and Seabright. Practically all its rails 
are of the fifty-five-pound Tee variety, the exception be- 
ing about the car barns, where a sixty-two pound combi- 
nation flat girder rail is used. 

Power for the operation of this system is taken from 
the main transmission lire of the Big Creek Power Com- 
pany through four seventy-five-kilowatt oil-insulated, 
air-cooled Westinghouse transformers, with 11,000-volt, 
three-phase primaries and 400-volt, two-phase secondar- 
ies (Scott). This two-phase current is delivered to two 
seventy-five-hersepower type ‘‘C’’ Westinghouse induc- 
tion motors running at a speed of 750 revolutions per 
minute, one of which is direct connected to a Thom- 
son-Houston ‘‘M. P. 90’’ railway generator, while the 
other is also direct connected to a similar generator hav- 
ing a rating of roo kilowatts. These motor generator 
sets are contained in a small substation belonging to the 
railway company and located in the easterly portion of 
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the city, and they are controlled from a two-panel switch- 
board of blue Vermont marble of General Electric make. 
The equipment consists of nine passenger cars, of which 
two are open motor cars, two are open trailers, two are of 
the California type, four are closed and one is a parlor 
car. General Electric type K controllers are used and 
the motors consist of eight class 25 Walker motors and 
two ‘‘G. E. 30s.’’ M. V. McQuigg is president of the 
company, J. M. Gardiner is general manager and E. A. 
Cole is superintendent. 

The smaller street railway system of Santa Cruz is that 
of the Santa Cruz, Capitola and Garfield Park Railway 
Company, which is operated by Big Creek power con- 
verted in its own substation on Pacific Avenue, near 
Laurel Street. This substation contains one 150 horse- 
power type C, Westinghouse two-phase, 1100-volt induc- 
tion motor, which drives by belting two ‘‘M. P. 90” 
Thomson-Houston railway generators, together with the 
usual station equipment. No reducing transformers are 
used in this substation, as current for the operation of 
its motor is taken direct from one of the banks of trans- 
formers at the substation of the Big Creek Power Com- 
pany. 

Reference to the electrical features of Santa Cruz’ en- 
virons would be incomplete without mention of the inter- 
esting hydro-electric installation at Wilder’s dairy, located 
a few miles up the coast from Santa Cruz on the Pesca- 
dero road. In the mountains near by a 1,000,000-gallon 
storage reservoir has been built for impounding a portion 
of the flow of Wilder’s Creek, and from this reservoir 
water is taken, first through 4000 feet of 1rox1o-inch red- 
wood flume, then through r1ooo feet of eight-inch pipe, 
and finally through 3000 feet of seven-inch pipe, making 
it available at the dairy under a head of 216 feet, where 
it is used to drive a twenty-four-inch Pelton water wheel 
that operates by belting a 13.5-kilowatt General Electric 
125-volt dynamo that in turn operates the incandescent 
and arc lights in and about the buildings and grounds, as 
well as motors for running the hay cutter and the pump- 
kin grinder. In addition, an eighteen-inch Pelton wheel 
operates the cream separators and a twelve-inch Pelton 
wheel drives the machine shop. The plant is a model 
of its kind, not the least interesting of which are its 
dairying features. 

Another interesting mechanical device is found in the 
famous Santa Cruz wave motor, located a short distance 
from the city on the brow of one of the bluffs which 
skirt the coast for miles along the Pescadero road. 
Here the waves beat and pound incessantly in the demo- 
lition of the sandstone cliffs, sculpturing therein grotesque 
shapes or bridges or tunnels or caves. Over one of the 
latter the wave motor was built some five years ago, and 
beneath the tower of structural iron, which constitutes 
at once the framework of the motor and the support of 
its 8000-gallon tank, a shaft was sunk to an intersection 
with the natural tunnel in which ebbed and flowed with 
each breaker tons upon tons of water. In step therewith 
a massive float would rise and fall within the shaft and 
its motion was transmitted by a system of ponderous 
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levers to the plunger of a pump used in lifting salt water 
from the tunnel to the storage tank 120 feet above. 
From this tank the water was piped through four-inch 
piping to several points along Pescadero road, a mile 
or more distant, where it was used throughout four sum- 
mers in road sprinkling. Last year, however, its use 
was abandoned—not because of impracticability, but be- 
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cause of the rusting and corrosion of the iron with which 
it was built. 

The wave motor was invented by J. E. Armstrong, of 
Santa Cruz, and though it was a success mechanically, it 
probably was without commercial value from an inves- 
tor’s standpoint. No data of its cost or of the pumping 
duties which it rendered is available. 


Alternating Current Laboratory Testing. 


BY GEORGE H. ROWE 
PART II—CONTINUED. 


EXTERNAL CHARACTERISTICS OF AN ALTERNATOR. 


The curve showing the relation between the terminal 
electromotive force and the current is called the external 
characteristic, or commonly the field characteristic. It 
corresponds to the external characteristic already con- 
sidered for direct current machines. 

The general equation for the current given by an alter- 
nator is given by the equation 

Zo 
— V(r, + ry + Ce + 2) 
and the terminal electromotive force is 
BE, V(r? + 2°) 

V(r, + ry + (x + x) 

In a given machine of given electromotive force £,, 
resistance 7,, and reactance *,, the relation between the 
terminal electromotive force and the current can be 
shown to vary as in curves 1, 2, 3, 4, 5 of Figure 35. 
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FIGURE 35 


These are taken from Steinmetz’ Alternating Current 
Phenomena, page 244. They show that the terminal 
electromotive force may decrease as in continuous cur- 
rent machines, with an increase of current, or it may 
increase with an increase of current, depending on 
whether the external circuit contains a positive or a 
negative reactance. 

For x = 0, and y small compared with the reactance 
*,, the equation becomes the equation of a circle and is 
expressed in Figure 35. The machine would regulate 


for constant potential near open circuit, and for constant 
current near short circuit. 

The values of £ and /, usually observed experimentally, 
are those for a non-inductive external circuit, * =o or 
the power factor 100 per cent. 

Pass full load current from the alternator through a 
water box in each phase. Adjust the electromotive force 
and current to their normal full load values. Allow the 
machine to run on full load until a constant temperature 
in each part has been attained. Then observe the cur- 
rent in each phase, the electromotive force across each 
phase, the speed and the current in the field. The cur- 
rent in the field and the speed should remain constant 
throughout the test. Reduce the current passing through 
the water boxes by small steps until the machine is open 
circuited, observing after each change the electromotive 
force, speed, field current, etc. 

Record the readings as follows: 


Amperes Armature Volts Armature 


a Field 
Phase | Phase Phase | Phase | Phase Phase — ene Current 
No. 1 No. 2 No.3 | No.1 No.2 | No.3 oe oe Inst. Ne. 
Inst. Inst. Inst. Inst. Inst. Inst. 
No. No. No. No. No. No. 


| 





Plot as in Figure 36, with terminal volts as ordinates 
and current as abcissz. 




















FIGURE 36 
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REGULATION. 


The regulation of machines is defined in articles 50 to 
71, inclusive, of the report of the Standards Committee, 
American Institute Electrical Engineers. 

An alternator is commonly designed to deliver constant 
potential. In this case the maximum variation of the 
potential from full load electromotive force to no load 
electromotive force, the exciting current remaining con- 
stant, is called the regulation. The full load electro- 
motive force is that for nominductive load, unless the 
regulation for a specified power factor of the external 
circuit is called for. In Figure 31* it will be seen that 
the electromotive force for full non-inductive load is 4400 
volts. This full load electromotive force requires a field 
excitation of 6900 ampere turns per pole. If the load on 
the alternator is suddenly thrown off, the field excitation 
remaining the same, the terminal electromotive force will 
increase to 4700 volts. The machine would therefore 
have an ‘‘inherent’’ regulation of 300/4400 or 6.8 per 
cent. Or the regulation can be found from the field 
characteristic drawn as in Figure 36. The maximum 
drop from full load to no load divided by the normal full 
load voltage, will give the regulation for full non-induc- 
tive load. If the field characteristic be taken on a 
reactive external circuit, the maximum ‘‘drop’’ or rise 
in the terminal voltage divided by the normal full load 
voltage will give the regulation for the particular power 
factcr maintained in determining the field characteristic. 
‘The impedance factor of the alternator is the ratio of the 
impedance volts of the machine to the full load volts. 
The impedance volts are found from the synchronous 
impedance curve of the alternator. In Figure 26} the 
electromotive force required to overcome the internal 
impedance of the alternator for full load current is seen 
to be 1950 volts. The impedance factor is therefore 
1950/4400, or 44.3 percent. As explained in a preceed- 
ing article, the terminal electromotive force when the 
load is thrown off will be 

4400 + (1950/4400)? X 4400" = 4700 volts. 

This would indicate a regulation of 6.8 per cent., as 
observed.} 

Another approximation sometimes used, especially in 
designing, is calculated from the ampere turns required 
for field and armature.§ 

. For example, the machine for which the curves in 
Figure 23|| were taken was Y connected. Its resistance 
between lines was .41 ohms. Therefore the resistance 
per armature circuit was .205 ohms, and the drop for 
each armature circuit was 98.4 X .205 = 19.8 volts. 


The drop between lines was therefore 19.8 “3 = 34.2 
volts. The full load voltage was 4400, and the full load 
voltage plus the armature drop was 4432 volts. The 
ampere turns required for this electromotive force are, 
from the magnetization curve, 6320, and the ampere turns 


*See THE JOURNAL, Volume XV, page 146, April, 1905. 

+See THE JOURNAL, Volume XV, page 144, April, 1905. 

{Article 70, Standards Committee, American Institute Electrical Engineers. 

gArticle 71, Standards Committee, American Institute Electrical Engineers; 
also Behrend, American Institute Electrical Engineers, Volame XXI, page 497. 

jSee THE JOURNAL, Volume XV, page 143, April, 1905. 
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required for overcoming the internal impedance are, from 
the synchronous impedance curve, 2450. ‘The vectorial 
sum of these is 6320" + 2450? = 6780 ampere turns, 
corresponding to an electromotive force of 4675 volts. 
This gives a regulation of 6.25 per cent. instead of 6.8 
observed. 

FIELD COMPOUNDING. 


The full load eiectromotive force rating of an alter- 
nator is the electromotive force desired at the terminals 
of the receiver circuit. increased by the drop in the line 
for full load current. The drop in transmission lines 
should seldom be greater than 10 per cent. of the receiver 
pressure. For example, if the electromotive force at the 
receiver terminals is to be 4000 volts, and if the drop in 
line is 10 per cent. of this pressure, the full load volts of 
the alternator will be 4400 volts. The ampere turns per 
pole of the field for full load electromotive force and full 
load current must be greater than the ampere turns for 
full load electromotive force and no load current by the 
ampere turns required to overcome armature drop. ‘The 
curve of variation between the ampere turns per pole of 
the field and the armature current for constant electro- 
motive force at the terminals of the alternator is called a 
field compounding curve. 

The experimental determination of the compounding 
curve should be made on the alternator after it has 
attained its normal full load temperature. 

Bring the alternator up to its normal speed and adjust 
the electromotive force to its normal full load value; 
observe the current in the field for zero current in the 
armature. Increase the armature current by means of a 
water box in each phase, maintaining the electromotive 
force in each phase equal to its rated full load value, and 
take readings as follows: 


Electromotive Force | 
fia, 


Line Current 








1 
| 
Field 
| 
| 


Speed | Ampere 
Phase | Phase | Phase 
1-2 2-3 3-1 Phase | Phase | Phase | Current amr Turns 
sensitlie . 1 3 
(Constant) 





The armature current may be increased by steps to a 
maximum of 125 per cent. of full load current. Plot as 
in Figure 37, with ampere turns per pole as ordinates, 
and amperes per phase in the line as abscisse. In this 
figure the current for full load was 98.4 amperes. It will 
be seen that 770 additional ampere turns are required at 
full load to make up for armature drop. It will be seen, 
also, that the ampere turns required in the field vary 
nearly with the current in the armature. If eight 
additional turns were placed on each pole, and the 
rectified line current passed through them, the electro- 
motive force would remain almost constant from no load 
to full load. From the magnetization curve of this 
machine it will be found that 5500 ampere turns only are 
required for no load electromotive force and no load cur- 
rent. Hence, to over compound this dynamo for 10 per 
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cent. drop in the line would require 6900 — 5500 = 1400 
ampere turns in the fields in addition to that supplied by 
the shunt winding. If these ampere turns are supplied 
by means of a series winding, a whole or a part of the 
rectified line current being passed through them, the 
machine will give approximately constant potential at 





ee ve a He he Je feo 72 
FIGURE 37 





the terminals of the receiver circuit from no load to full 
load. This would be true, however, only for a non- 
inductive line and receiver circuit. 


BALANCING. 

When current, electromotive and watts are equal in the 
various phases of a polyphase alternator, the circuits are 
said to be balanced. If the current and watts in any 
phase differ from the current and watts in any other 
phase the electromotive forces will differ, and the cir- 
cuits are unbalanced. A) 
These variations in the oe | 
electromotive forces for dif- oon r 
ferent conditions of load in 
the other phases are usually 
determined for non-induc- 
tive external resistances. 

The test should be made 
on the machine at normal 
full load temperature, con- 
stant speed and constant excitation of the field. Bring 
the machine up to normal speed and electromotive force. 
Pass the current from each phase through an ammeter 
and water box in each phase. Load the phases equally 
with full load current and observe the electromotive 
forces across each phase. Next reduce the current in 
one phase to 50 per cent. of its full load value; then 
reduce the current in the same phase to zero, taking the 
following readirgs in each case: 


Volts Current 
ee — | Average Amperes Speed 
| Volts Field Constant 
Phase | Phase | Phase Phase | Phase | Phase Constant ; 
I-2 2-n n-4 | No.1 | No.2 | No.n 
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Observe the maximum per cent. of variation in the 
electromotive force in each case; also observe the max- 
imum per cent. variation from the normal full load elec- 
tromotive force. 


LOSSES IN ALTERNATORS. 


The losses in alternators are indicated in Section II, 
Articles 11 and 12, of the report of the Standards Com- 
mittee of the American Institute Electrical Engineers. 
They will be considered in the same order. 


FRICTION AND WINDAGE. 


Under this head are included friction of the bearings 
and brushes and air friction or windage. Of thes> the 
bearing and brush friction are proportional to the speed. 
The windage is proportional to the cube of the speed. It 
is, however, usually small compared with other losses. 
It may become appreciable where the moving parts are 
arranged to carry air through the machine for cooling 
purposes. All of these losses are determined for normal 
speed of the alternator and are assumed to be independent 
of the load. Also the field excitation of the alternator 
should be zero, this condition being indicated by zero 
voltage at the armature terminals. If there is voltage 
the fields should be demagnetized. 

The usual method consists in the measurement of 
power required to drive a continuous current motor belted 
to drive the machine under test, the motor losses being 
subtracted out to give the alternator friction and windage. 

Connect the machines and instruments as in Figure 38. 
Where A is the alternator under test, driven by the 
motor / by means of a belt. The field / of the motor 
is supplied from the continuous current dynamo 2, and 





FIGURE 38 


is maintained constant by means of the ammeter 4// 
and the rheostat X. The current supplied to the arm- 
ature of the motor // is varied to give the required speed 
by means of the variable resistance or water box WA, or 
preferably the armature is supplied with a separate 
electromotive force capable of being varied. The driving 
pulleys should be adjusted so that the alternator will run 
at normal speed with somewhere near normal full load 
speed of the motor. 


Let (, = friction and windage of the motor. 

Let /, = friction and windage of the alternator. 

Let ¢, = core loss of motor. 
6, = increase of friction of motor due to belt tension. 
6, = increase of friction due to alternator due to 


belt tension. 
R, the resistance of the armature of the motor. 
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WW’, = watts to drive motor with belt on (current 
CG) 

WW, = watts to drive motor with belt off (current 
CG) 

Then, Wi =¢e,+ f+ GR 
W,=f,tb4+44+f4+454+G¢ R 
W,—-W,=f,thtathAt+GQer 

—( tht GR=ft+b4+64+ GR 
—C?R 
Then, f, = W,— W,—6,—6,-—-CF R+ CG'R 
The term c, may be considered constant since the field 
of the motor J/ is maintained constant, and therefore the 
inducjion 2 in the armature core is constant and core 
loss is constant. Also the driving motor should be so 
selected that with normal field of the alternator under 
test the amperes in the armature of the motor will be 
about one-half normal full load current. Otherwise the 
armature reaction of the motor will ehange its core loss. 

The motor friction f, will be constant after it has 

reached normal running conditions. The C’ RF loss in 
the brushes of the motor are neglected. This loss will 
be very small if copper brushes are used. The brushes 
of the motor should be placed in the minimum sparking 
position and allowed to remain in the same position 
throughout the test. The quantiiies 4, and 4, are small 
compared with the total friction and are neglected. The 
belt friction should be sufficient to prevent slippage. 

The bearing friction and windage of the alternator 

then becomes; 
h=(W,—CER)—(W,— GER 

The following readings should be taken: 

BELT ON. 





Volts to | Amperes | Speed of | Speed | Watts= | Amperes 
Supply |to Arm of Alter- of G, &, |G £,— in Field 
Motor | Motor | nator | Motor to Cc,’ & | of Motor 

Ey Cs | ee eer Motor | Constant 





| 
| 
| 
| 
| 
} 


BELT OFF. 





: Amperes 

| | ~ |G, £,—| in Field 

O \Constant| G 4, C? R | of Motor 
| Constant 


| 


| 
| 
| 
| 





Brush friction of the alternator is usually negligable, 
but if desired it can be obtained by taking observations 
with brushes on and off the rings. 


B. OPEN CIRCUIT CORE LOSS OF AN ALTERNATOR. 


The cor nections for this test are the same as in Figure 
38. Current from the exciter supplies current for the field 
F,, of the alternator, the electromotive force of the latter 
being measured by the voltmeter . The method is the 
same as in the determination of the friction losses. The 
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iron losses on open circuit will vary with the electro- 
motive forces induced in the armature, or, in other words, 
with the value of 2, as will be seen from the formula: 
E=¢ X 10° X TX 4.44 X w 

Hence the various values of the core loss must be 
determined from observation of losses for electromotive 
forces from no load to full load. The electromotive force 
employed in the above formula is the total induced 
electromotive force in the armature. Therefore when 
the armature is furnishing current, the total electromotive 
force is the terminal value increased by the internal drop. 
It is therefore customary to plot the relation between 
watts lost and the terminal electromotive force plus the 
/r drop. 

Let W, = watts to drive motor with belt on (C,). 

Also let A, = the core loss of the alternator for any 

electromotive force. 

Then KX, = (W,— C3 R) —(W,—C’" R)—-f 

f, has already been determined. 

W, — C? & has already been determined: 

R = the hot resistance of the armature of motor. 

The following tabulation will be found convenient: 





| Current | Volts | 
Volts on | Amperes in Arm-| Across | 
Alter- | in Field | ature of | Brushes| CE.:\C2R 
nator | of Motor | of | ere Te Tt 
Inst. No.| Inst. No. CG | Motor 
‘Inst. No. £, 


| Core 
R | Loss 











Plot as in Figure 39. 


| 
| 
| 








FIGURE 39 


Cc. ARMATURE RESISTANCE LOSSES. 


As expressed in the report of the Committee on Stan- 
dards, the armature resistance losses or ‘‘copper’’ losses 
are p/,r. Where + is the resistance of one armature 
circuit or branch, / is the current therein, and / is the 
number of circuitsor branches. The armature resistance 
may be very low. It can be measured by any of the 
standard methods for measuring such resistances. Direct 
comparison with a standard resistance by means of the 
proportional deflection method will give good results. 

Connect as in Figure 40. : 

Where SA is a storage battery of two or three cells, 
arrange to give a constant current through the resistance 
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R,, the ammeter 4, the armature A and the standard 
resistance. RPC is a Pohl’s commutator with the links 
removed. Observe the deflection with the galvanometer 
_ across the terminals of A, then the deflection across the 
terminals of the resistance R. ‘The resistance X and the 
shunt S protect the galvanometer and vary its range. 

The D’Arsonval galvanometer is sensitive and un- 
affected by stray fields, and therefore well suited to the 
requirements of the testing floor. The resistance will be 
r,=d x R/D, where d is the deflection of galvanometer 
across the armature, and J the deflection across the 
standard 2. .The resistance X should be one of a set of 
standards, since greater accuracy is secured by having 





FIGURE 40 


R andr nearly equal. The hot resistance is the one 
used in working out efficiencies. The cold resistance 
or the resistance at room temperature should also be 
taken with great accuracy since the temperature rise 
above room temperature is proportional to the increase 
of resistance above the cold resistance and is so obtained 
by means of the following formulas: 
Ri = R, (1 + .0042 ¢) 

Where ¢ = room temperature, and 

R, = resistance at zero degrees 

Then 2 (# + &) = R, [1 + .0042 (f + &)] 

Therefore, if & is temperature rise above room temper- 
ature, 


at R (¢ +4) 
@ = (238.1 + (— | 

The Wheatstone bridge method, and the ammeter and 
voltmeter method, are objectionable for the measurement 
of small resistances, the first because if introduces lead 
wires and resistances which may be greater than the 
armature resistance to be measured; the second because 
the current employed may be large enough to heat the 


armature and thereby change the quantity to be measured. 


D. LOAD LOSSES. 


Load losses are defined in Section 8 of the report of the 
Standards Committee of the American Institute Electrical 
Engineers. 

It has been found that the efficiency of the machines 
determined by measurement of input and output, differs 
from that determined by the separate measurement of 
losses. This difference is due chiefly to. eddy losses 
caused by distortion of the magnetic field when the 
machine is under load, hence the name load losses. 
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These losses will usually be small in alternators. They 
cannot be determined by direct measurement, but they 
will evidently be a maximum when the current has 
maximum phase difference. Hence the recommendation 
in Article 12 of the report of Standards Committee of the 
American Institute Electrical Engineers that these losses 
for full load be taken as approximately one-third the 
short circuit core losses for full load current. 

Short circuit the armature through ammeters and 
increase the field excitation until normal full load current 
is obtained, making the following observations: 








| 


Armature Current | 


Amperes 
Alternator —— a a of Speed of | Armature 
‘Armature| Alter- | Alternator | of Driving 
mane | Phase! Phase! - | Constant Motor 
Phase Phase! Phase| of Alter-| nator C. 


No. 1} No. 2) No. 3] 


nator | 








Amperes | 


sce Field of 

of Drivi Driving | WY, =G £,\C, Ey — C2r| Core Loss 
of eta Motor 

Motor £, 


Constant 





If W, = watts to drive motor with belt on, the current 
being equal to C,, the short circuit core loss will evidently 
be 
_ K,=(W,— C2 2) —(W, —C? R) — (fd"r) 
where //’r is the copper loss of the alternator, 7 being 
the resistance per circuit and / being the current per cir- 





FIGURE 4! 


cuit, and f the number of circuits in the alternator. 
Plot results with kilowatt loss as ordinates and amperes 
in the line as abscissz, as in Figure 41. 


E. FIELD EXCITATION. 


This loss is the copper loss of the field coils and does 
not include the loss in the rheostat except in self-exciting 
machines. ‘The resistance to be taken is the hot resist- 
ance. ‘The current will vary with the electromotive force, 
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and current delivered by the alternator from no load 
electromotive force zero current to full load electromotive 
force full load current. The field currents at no load and 
at full load can be obtained from the magnetization 
curves. In Figure 31* the no load ampere turns are 
5500 and the full load ampere turns are 6900. The num- 
ber of turns per pole being 76, the corresponding currents 
are 72.5 andor. ‘The increase of field current for inter- 
mediate values of the load may be assumed propartionate 
to the iucrease of the load. ‘The total losses may be col- 
lected as in the following tabulation: 


Arm- | sa: 

: Term | | Frition 

pc oo + lramenae Electro-|Armature) and Circuit 
mt. | CRETORS motive | Drop | Windage Core Loss 


Full Per | Per | ; ; 
sient | Force | Volts Kilo- |(#--drop) 
Load. | Phase | Circuit watie’ | tilowatts 


Open 


Volts | 


18 
18.46 


22.50 

















aa pr | 
= = vena: : Per Cent. 
C a < ture | i Effi- 
ore fe. | Kilo- ciency 
| wattn 


.016 | ; | 79.4 
-04 | . ° . } . | = . 88 





95.6 
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Plot the separate and combined losses and the efficiency 
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Efficiency ¥ Losses 





Calculation 
for 


2250 V. NoLoad 
2500 V. Full Lead 


Nan-inductive 
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On the Economy of Steam Power Plants Using Oil Fuel—II.* 


Continued from page 135 of The Journal for April, 1905. 


Having obtained the economy of plant in kilowatt-hours per 
barrel of oil, or gallons of oil per kilowatt-hour, as explained 
above, the cost of fuel per kilowatt-hour, 
based upon various rates of oil per barrel, will 
be found directly from Table No. 9. 

It is a laborious calculation to determine the total amount of 
feed water or make-up water used per month or per year. The 
cost of water is a very small item of the total 
cost of power, and it is here proposed to make 
the cost of feed water depend upon the cost of 
fuel, by assuming that the total water evaporated is fourteen 
times the weight of oil fuel consumed during the same interval 
of time. In non-condensing plants, or jet condensing plants, 
using salt water, it can be assumed that the total evaporation is 
chargeable as make-up water. In surface condensing plants it 
can be roughly assumed that the make-up water represents 10 
per cent. of the total evaporation. 

On this basis the figures given in Table No. 10 are computed. 
For example, based upon the cost of feed water at 20 cents per 
1000 gallons, oil fuel being at the rate of 75 cents per barrel, the 
feed water would cost 15.68 per cent. of the fuel in a non-con- 
densing or jet condensing plant, or 1.57 per cent. of the fuel in 
a surface condensing plant. 

The amount chargeable for lubricating oil, waste, supplies, etc., 
per kilowatt-hour is also a comparatively small amount of the 
total expense, but still must be given careful 
consideration. Unfortunately, records of this 
item are considerably at variance, depending 
upon local cost of materials and on the type of engines, economy 


" COST OF 
FUEL. 


COST OF 
FEED WATER. 


SUPPLIES. 


*See THE JOURNAL, Volume XV, page 146, April, 1905. 


observed by operators in use of oil, etc. Although a subject of 

considerable variation, the following figures may be taken as a 

fair average in well regulated plants:— : 

Cost of Supplies, 
oil waste, etc., 

per kilowatt-hour. 


Size of plant, 
Kilowatts. 
100— 


250— 


The cost of labor in steam power plants is dependent upon the 
number and size of units, hours of service, number of shifts, load 
factor, character of distribution, etc. The 
most remarkable feature of difference between 
oil and coal burning plants is the great saving 
in boiler room labor, as will be noted from the accompanying 
tables. In the ordinary station report, the cost of labor usually 
covers not only the operating crew, but also the repair crew. In 
this article, repairs will be classed under the heading of ‘‘Main- 
tenance’’ and considered as a percentage of the total first cost, 
grouped with fixed charges. 

Another item of considerable variance is the cost of boiler 
cleaning, depending upon the type of plant, condensing or non- 
condensing, character of feed water as regards scale forming mat- 
ter, etc, There is considerable variation in the scale of wages 
paid employees in the different plants, and, as well, the number 
of men employed to runa plant of given size. It may be sur- 
prising to know that in comparing two plants of equal size, and 
about the same class, we have found in one almost double the ex- 


LABOR. 








THE JOURNAL OF ELECTRICITY, POWER AND GAS. 


TABLE NO. 9—POWER PLANT ECONOMY—COST OF OIL, FUEL, CENTS PER K. W. HOUR. 
Based on assumed K. W. hours per barrel of oil, or gallons of oil per K. W. hour 


CHAS. C. MOORE & CO., ENGINEERS (INC.). 


Gallons of 











SAN FRANCISCO, CAL. 


Oi per K. W. Hour 
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.840 9 600: .525| .467 sel -382 pe 333 7” .280} .263|) .247| .233).221 210}. 200| .191| 183 .17§ - 168). 162 .156|.150 
Cost K. W. Hours per Barrel of Oil. 
of Oil . i 
Bol. 50 60 | 70 80 | go | 10 | IIo | 120 | 130 | 140 | 150 | 160 | 170 | 180 | 9 200} 210 220| 230| 240) 250 260) 270 280 
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I 
I 
I 1 
-70| I.40]1.167/1.000] .875] .778] .700] .€36| .583] .538] .500| .467] .438] .412| .389).368).350] 333) .318). 304). 292| . 280) . 269].259| .250 
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.80] 1.60/1.333|1-143|1.000} .888) .800}) .727| .667| .615]) .571| .533] .500] .471| .444).421|.400|.381 -364| . 348) . 333] -320} . 308] .296| .286 
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1.35] 2.70/2.250 1.928)1 .688 I. 500|I.350,1.227)1.125 1.038} .964| .goo} .844) .794| .750).711).675|.643 -614| . 587) . 563] . 540) .519| . 500). 482 
I.40| 2. 80/2. 333|2.000)1. 750|1 .556/I.400/1.273|1.167|1.077|I.000| .933| .875| .824| .778).737) .700| .667) .636| .609) . 583} . 560) . 538) . 518) . 500 
1.45} 2.90|2.417|2.071/1.813]1.611/1. 4501. 318|1.208|1.115|1.036] .967| .906| .853| .806).763).725| .690 .659! .630) .640) . 580] . 558). 537).518 
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In the above table, equivalent values of gallons per K. W. hou 








rand K. W. hours per barrel, are shown in the same vertical column. 


The above table gives also cost of fuel per H. PR. hour based on assumed gallons per H. P. hour and H. P. hours per barrel of oil. 


pense of the other for the above reasons. The figures herein 
given can be taken as an approximate guide, and while probably 
differing with the ideas of many chief engineers as to the num- 
ber of assistants, oilers, firemen, boiler cleaners, etc., the total 
yearly cost of labor is fairly conservative. 

These labor tables were checked by one of the most prominent 
chief engineers on this Coast. 


TABLE NO I0—POWER PLANT ECONOMY—TABLE 
CHAS. C. MOORE & CO., ENGINEERS (INC.). 


Cost of Feed Water 


Non-Condensing and Jet Condensing Plants 


Table No. 11 shows the total cost of labor and the cost: per 
kilowatt-hour for various size plants, operating with various load 
factors, based upon conditions to be met in a modern lighting 
and power plant, for twenty-four hours service, based upon three 
ten hour shifts, certain shifts overlapping. Table No. 12 gives 
corresponding figures for street railway service, plants 4000 kilo- 
watts and smaller being operated continuously for twenty hours 


SHOWING COST OF FEED WATER, SUPPLIES, ETC. 


SAN FRANCISCO, CAL. 





—Ratio Cost of Water to Cost of Oil 


Conden:ing Planis (Surface Cond.) 


Cost of 
Feed Water ee ee eee ee 
per 1000 Cost of Oil per Barrel. 
Gallons 
| 
| f$fo.50 | $0.75 $1.00 $1.25 | $1.50 $fo.50 $0.75 $1.00 $1.25 $1.50 
| 
$0.05 | 5.88% | 3.924 | 2.94% 2.35% 1.96%, | 59% 39% 299 244 | -20% 
.Io 11.76 7.34 5.88 | 4.70 3.92 1.18 .78 .59 -47 -39 
-15 17.64 11.7 8.82 : + 2.08 5.86 1.76 i ke .88 71 59 
-20 23.52 15.68 | 11.76 | 9.41 7.84 2.35 1.57 1.18 94 .78 
-25 29.40 19.60 14.70 }: 32.9 9.80 2.94 1.96 1.47 1.18 .98 
.30 35.28 23.52 17.64 | 14.11 11.76 3.53 2.35 1.76 1.4! 1.18 
.35 41.16 27.44 20.58 16.46. | 13.72 4.12 2.74 2.06 1.65 1.37 
:40 47.04 31.36 23.52 | 18.82 15.68 | 4.7u 3.14 2.35 1.88 1.57 
-45 52.92 35.28 26.46 21.17 17.64 + g.a9 Vee 2.65 2.18 1.76 
.50 58.80 39.20 29.40 | 23.52 ae 1 6 Be: i 9.68 2.94 2.35 1.96 
55 64.68 43.12 32.34 25.87 | 21.56 6.47 4.31 3.23 2.59 2.16 
.60 70.56 | 47.94 35.28 | 28.22 23-52 7.06 4.70 3.53 2.82 2.35 


Notes:—In Condensing plants figures given represent cost of make up water only, which is estimated at 10% of total evaporation. 
In Non-condensing plants figures respresent cost of total feed water assuming exhaust to atmosphere. 


In Jet-condensing plants where air pump discharge c 
plants. 


Assumed:— 14 lbs. of 
336 “= 
42 gallons 


8 lbs. of water = 1 gallon. 


aunot be used for feed water, use figures as given for non-condensing 


water per 1 Ib, of oil. 
1 bbl. oil. 
= I barrel. 
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TABLE NO, 13—POWER PLANT ECONOMY—TABLE SHOWING COST OF LABOR PER K. W. HOUR. 
For plants having day load or 1 shift only—factory plants. 


CHAS. C. MOORE & CO., | ENGINEERS oe ). _ SAN FRANCISCO, CAL, 








Switch- Boiler- , — a pees 
| sti. ‘sant Room Oilers Firemen Cleaners Yearly Plant Load Factor. 
| & Attendants | Engineer Sp Raa eee 


Size of 
Plant K, W. || 


| Rate | Rate Rate Rate Rate Rate — 


No.| No N 
2" aonth | "| loath | "| aonth| "| Month || adomtn |” °'| Month | fo. 10 | fo: 20 | fo. 30 | fo. 40 | $o. 50 | fo. - 





.08219 cenill siede .02055| .01644) .01370 
- O41 10] .02055} .01370| .01027| .00822).00685 
02740] .01370) .00913} .00685) .00548) .00457 
-02055| .01027| .00685| .00514| O041I| .00342 
.02237]. O11 19|.00746] .00559} .00447| .00373 
-01678} .00839) .00559) .00420] .00336| .00280 
-01342| .00671|.00447| .00336| .00268] .00224 
. 01804] .00902} .00601) . 00451} .00361| .00301 
.01353| .00676] .00451| .00338| .00271| .00225 
.01082| .00541| .00361| .00271| .00216] .oo180 
.00849! .00425] .00283] .00212| .00170| .00142 
.00637) .003 18} .00212].00159| .00127] .00106 
-00598} .00299} 00199} . 00150} .00120} .COTOO 
00449} .00224| .00150| ,OOT 12) .00090} .00075 


3-144 00359} -00179 -O01 20} : 00090} .00072| .00060 














RYN MM ee 
DNKH NH: 24 











Total K, W. hours output per year 
Rated capacity K. W. 8760 
NorE—Above figures approximate depending upon size of units and conditions of service. 


Load factor = 


TABLE NO, I14—POWER PLANT ECONOMY—CURVES SHOWING COSTS PER KILOWATT, RATED CAPACITY, AND TOTAI, COSTS OF PLANTS 
FOR DIFFERENT TYPES OF APPARATUS 


SAN FRANCISCO, CAL. 


CHAS. C. MOORE & CO., ENGINEERS (INC.) 


Sk. a A: AAA RMN ST Mona Oe cen RAE EA 
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TABLE NO. I5—POWER PLANT ECONOMY—TABLE SHOWING FIXED CHARGES PER K. W. HOUR. 
Table also shows fixed charges per H. P. hour using corresponding costs per H. P. capacity. 





SAN FRANCISCO, CAL. 





Yearly Plant Load Factor. 





Cost per 
K. W. 
Capacity 
Complete ; 
Plant. 10%, 209, 30% ir || 409, 
$ 30 .00445 .00223 .00148 | .OOIII 
40 .00594 .00297 .00198 ,001 48 
50 -00742 -00371 -00247 .0o186 
60 .00890 .00445 . 00297 .00223 
70 -O1039 .00519 .00346 .00260 
80 -O1187 . 00594 00396 | .00297 
go .01336 .00668 -00445. | .00334 
100 -01484 .00742 00495 | =-00371 
110 -01632 .00816 00544 | .00408 
120 -O1781 .00890 .00594 | .00445 
130 -01929 .00965 .00643 | 00482 
140 .02078 -01039 .00693 .00519 
150 .02226 -O1LI3 -00742 | .00557 
160 -02374 .O1187 .00791 .00594 
170 -02523 .O1261 .00841 .00631 
180 .02671 -01336 ‘00890 =| = .00668 
190 .02820 OI4I0 00940 | 00705 
200 .02968 .01484 00989 | .00742 





Load factor 


Based on 365 days, 24 hours per day, 8760 hours per year. 








50% 60%, 70%, 804, 90% 100% 
| 

.00089 .00074 | .00064 .00056 00049 00045 
oollg . 00099 | .00085 .00074 .00066 00059 
.00148 .00124 | .00106 .00093 .00082 00074 
.00178 .00148 | .00127 .OOII! . 00099 00089 
.00208 .00173 .001 48 .00130 .OOITS .OO104 
.002 37 .00198 .0O170 .00148 00132 .OOLIg 
. 00267 .00223 .OoIg! .00167 .001 48 00134 
.00297 .00247 .00212 .00186 ,00165 .001 48 
.00326 .00272 .00233 .00204 .oo181 00163 
.00356 0297 .00254 .00223 .00198 .00178 
.00386 .00322 .0027 .0024I .00214 00193 
.00416 .00346 | .00297 .00269 .00231 .00208 
.00445 .00371 .00318 .00278 .00247 00223 
. 00475 .00396 | .00339 .00297 .00264 00237 
.00505 .00420 | .00360 -0O3I5 00280 00252 
.00534 .00445 .00382 .00334 .00297 00267 
.00564 00470 .00403 .00352 00313 00282 
.00594 .00495 .00424 .0037I .00330 00297 


| 


Total kilowatt hours output per year 





Rated capacity kilowatts < 8760 
MNGTNO TNNTINE i 6k 6 Sas ok eee ces 5% 
Assumed depreciation.............. 5% 
Assumed maintenance.............. 24 
Assumed taxes and insurance........ 1% 
Total fixed charge............. 13% 


per day, all larger plants twenty-four hours per day based on 
three ten hour shifts. Table No. 13 gives the cost of labor for 
single shift plants, more particularly applicable to factory con- 
ditions; the rates of wages are somewhat higher than for the pre- 
vious tables. Cost of labor for office building plants will be given 
later in connection with special considerations of economies to 
be met with in such plants. 

In order to arrive at interest, depreciation charges, etc., 1t is 
necessary to determine the first cost of complete plant installed. 
These figures are given in curves in accom- 
panying Table No. 14, and are based upon 
actual bids and costs of plants installed on the 
Pacific Coast, at railroad terminals. Costs will have to be in- 
creased, depending upon local freight rates, for other points of 
delivery. Figures are necessarily approximate, but will cover 
high grade apparatus throughout. Figures include corrugated 
iron buildings, building and machinery foundations erected com- 
plete, but do not include real estate. All prices are for one unit 
plants including one reserve boiler. For larger plants, made up 
of several units, the price will be somewhat less than in propor- 
tion te the number of units. 

The fixed charges on first cost of plant are 
assumed as follows:— 


FIRST COST. 


FIXED CHARGES. 


DI Si i on See a ee Kye 0 ae wees 62k i a dee eas 5 per cent. 
pe er TL PETE ELEY TT eT Pate SCRE EEE 5 per cent. 
PINS falas s tin so eelb one's Vem ae vaneicie’ Os oee 2 per cent. 
ee at See ee eee eee I per cent. 





Total fixed charges ....... 13 percent. 
The fixed charges per kilowatt-hour based upon various costs 
per kilowatt capacity, and various yearly load factors, are given 
in Table No. 15. As here used, the load factor merely represents 
the ratio between total kilowatt hours output per year to. the 
possible kilowatt hours output, operating at rated load for 8760 
hours per year. The yearly average of daily load factor may be 
greater or less than this amount. 
Depreciation, figured at 5 per cent., as above, does not corres- 


pond to life of plant of twenty years, but assumes that the plant 
will only last 14.2 years, provided money is worth 5 per cent. 
Depreciation as figured a part of the fixed charges, does not cor- 
respond exactly to the decline in marketable value of the plant; 
it represents that annual sinking fund per dollar of investment 
necessary to secure original valuation of the plant at the end of 
a given number of years, interest being figured on the sinking 
fund and compounded annually at any given rates of interest. 
Various values for depreciation, based upon given rates of inter- 
est, life of plant, etc., are given in the accompanying Table No. 
16. This treatment of the subject of depreciation is not new, al- 


TABLE NO. 16—POWER PLANT ECONOMY—TABLE SHOWING RATE 
OF DEPRECIATION. 

Or annual sinking fund per dollar investment necessary to secure 
original valuation of plant at the end of a given number of 
years. Also time in which a given annual installment per 
dollar will realize original investment at various rates of 
compound interest on sinking fund.* 


CHAS. C. MOORE& CO., ENGINEERS (INC.), SAN FRANCISCO, CAL, 


Annual Installments—Dollars 

Life of 

Plant Rates of Interest on Installments—Per Cent. 

Years 

3% 4% 5% 69, 87, 

10 | $.08723 | $.08330 | $.07950 $.07587  $.06903 
II .07808 | .07416 07039 .06679 .06008 
12 07046 .06656 06283 .05928 05269 
13 .06403 06015 05646 .05296 04652 
14 .05853 .05467 05103 04759 04130 
15 05376 -04994 04634 04296 03633 
16 .04961 .04582 04227 .03895 03298 
17 -04595 - 04220 .03870 -03544 02963 
18 -04271 03899 03555 -03236 .02670 
19 03981 .03614 .03275 02962 02413 
20 03722 03355 -03024 02715 02155 


*Interest compounded annually. 
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NotE—The above is calculated by the formula— 
X= Sf 
“i+ RP—t 
X = Installment (annual) 
R = Rate of interest 
P = One dollar 
n = Number of years 


in which 


Life of Plant in Years 


Deprecia- 
tion of Plant 


Rates of Interest on Installments—Per Cent. 
Per Cent. Ds cisas ai ricaecas 


3% 5% 


36.73 
25.68 
20.10 
16.62 
14.21 
12 42 
IL.04 
9.95 
9-05 
8.31 
7.68 


46 .go 
31.00 
23-45 
18.93 
15.90 
13.72 
12.05 
10.77 

9.72 

8.88 

8.16 


41.04 
28.o1 
21.60 
17.67 
14.99 
13.02 
11.52 
10. 34 
9.37 
8.58 
7.91 


II.9go 
10.62 
9.60 
8.76 
8.07 
' 7-47 


- OO OI OAMNSwW DH 


~~“ 


NotE—The above calculated by the formula— 
R+X 
Yue oe 
Log (1 + R) 
NV = Number of years 
R = Rate of interest 
X = Per cent. depreciation 


in which 


though the presentation of the above figures is here published for 
the first time. Similar values were given, based upon compound- 
ing semi-annually, in the Engineering News several years ago. 
It is of particular interest to prospective purchasers of power 
plant machinery, to note that it is not actually mecessary to 
charge as high rates of depreciation to cover the return of money 
invested in such machinery as has been commonly assumed. 


(Continuation in next issue.) 
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GROUNDING WIRES ON GAS PIPES.* 
BY E. H. YORKE. 

T will probably be generally conceded that the practice of 
] grounding telephone and electric bell wires on the gas pipes 
is from every point of view a bad one. Before the advent 
of the electric light, with its high-tension currents, no practical 
disadvantages followed this procedure. When, however, electric 
wires were introduced in buildings and not always run with due 
regard to preventing crossing and contact with bell and tele- 

phone wires, new conditions were created. 

A few instances will illustrate this point. A jobber placed his 
wrench on a meter union to remove a meter, when the next in- 
stant he found himself on the floor, on the opposite side of cel- 
lar. Another jobber, when about to do some burner work, was 
severely shocked. Again, a consumer tried to change a burner, 
but could not do so because of the fixture being heavily charged 
with electricity. 

We were thus admonished that a continuation of these condi- 
tions would operate to our disadvantage, and, to the end of cor- 
recting them, had an inspection made of all consumers’ meters 
and piping. The Inspectors’ reports showed hundreds of in- 
stances of wires grounded on gas pipes and electric light wires in 
dangerous contact with these wires. All these cases were re- 
ported to the city electrician, who caused orders to be sent for 
the removal of these grounds. The insurance inspector also co- 
operated, all of which resulted in a better order of things. There 
was, however, one consumer who did not promptly obey the 
mandate of the city electrician and the result was somewhat dis- 
astrous. During a severe thunder-storm the lightning followed 
the wires, melted three holes through the gas pipe, ignited the 
gas, set the building on fire and destroyed considerable property. 


Mr. C. H. Pennoyer, who has long since achieved prominence 
as one of the foremost central station managing engineers of Cali- 
fornia, has resigned from the managership of the United Gas and 
Electric Company of San Jose, and after May ist will assume the 
management of the Pacific Coast offices of the National Conduit 
and Cable Company, with headquarters at 146-150 Second Street, 
San Francisco. 


Efficiency Tests of an Impulse Water Wheel." 


BY JOSEPH N. LE CONTE, | 
Assistant Professor of Mechanical Engineering, University of California. 


PART Il—Continued. 


HE tests so far completed on the Pelton Water Wheels in- 
stalled at the University of California have been confined 
to the discharge coefficients of the nozzles furnished by 

the company, friction and windage tests of the two wheels now in 
use, impact tests on stationary buckets, and complete efficiency 
tests of the wheel as a whole, on heads varying from forty 
to 330 feet, and with streams varying from seven-eighths-inch in 
diameter to two inches in diameter. But few changes have yet 
been made in either nozzle or bucket with the idea of raising the 
efficiency. The results of the test will be taken up in the order 
given. 

The first tests undertaken were in relation to the discharge co- 
efficients of the various nozzles. Eight nozzles were furnished 
by the company, and were made according to two general pat- 
terns, known as the long-radius and short-radius. The general 
design is shown in Figure 1.* The radius of curvature of the 
axial section of the long-radius (Z. X.) nozzle is approximately 
twelve and one-half inches. That of the short-radius (.S. 7.), is 


*See THE JOURNAL, Volume XV, page 136, April, 1905. 


about seven and one-half inches. The tip of the nozzle in either 
case is cylindrical for at least an inch, so that the stream leaves 
without contraction. The diameters of the cylindrical tips were 
measured with great care. In the case of the larger nozzles, a 
slightly tapering mandrel was slipped into the tip, marked at the 
extreme end, and then measured at the mark with a Browne & 
Sharpe micrometer. For some of the smaller nozzles, a small 
amount of lead was cast in the tip, and expanded into place by 
hammering. This was then driven out and measured with the 
micrometer. In this way the interior diameter is obtained to 
within less than a thousandth of an inch. Besides the nozzles, 
thin. edged, circular orifices were tried, atid the discharge co- 
efficients for these obtained. Here there is present full, or al- 
most fullcontraction. A large needle nozzle was also used on 
the efficiency tests of the wheel. This presents partial contrac- 
tion, and no estimate of its efficiency has been made. The fol- 


lowing are the results obtained for Pelton nozzles and circular 
orifices: 


*A short topic read before the New England Association of Gas Engineers 
February 15 and 16, 1905. 
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No | | | Measured | | Discharge Energy 
: ; | Areain | Head in : | Theoretical | Coefficient | Coefficient “ . 
of Diameter | Discharge | *},: ecmers ne Per Cent of | Efficiency 
Noz- Type | in Inches | | Feet Q, in es L ae | (Head Te Head Lost | Per Cent. 
zle | | | Rr £ | aV/2 gh\ =f e/2g) 
BS Betws sich 2.083 02378 47-15 1.285 1.310 .981 -0395 3.8 | 96.2 
eee. eae 28 59 1.003 I .020 -983 .0341 3.3 96.7 
tie Ms eee as 2.085 0237 47-15 1.277 1.306 -978 .0449 4-3 95-7 
cea REN. Se anne 28.59 1.006 1.018 -988 .0235 2.3 97-7 
4 & BR, 1.800 01767 84.15 1.276 1.295 -983 .0341 3-3 96.7 
ence. > Bai eeoes 47.06 .960 -97I .99o .0204 2.0 98.u 
Be th st onsen 1.800 01767 79.48 1.249 1.263 -989 -0225 2.2 97.8 
cima 2 ae 47.06 .962 -971 -99I .0183 1.8 98.2 
re Ma Was 1.473 o1183 130.29 1.061 1.084 .980 .0417 4-0 96.0 
awitee - Be weweee 84.04 .854 .870 .982 .0373 3-6 96.4 
a SES BT ie ae gd 47.00 .640 .650 -985 .0309 3-0 97.0 
OER ois ves 1.474 o1185 130.29 1.078 1.086 -993 -O152 1.5 98.5 
acinar Sagat 47-0 .648 .652 -994 .O122 1.2 98.8 
Fis «i 0-0 eid 1.949 .006002 139.39 - 5616 . 5684 .988 .0235 2.3 | 97-7 
eke?) el wae eele 104.78 | . 4870 . 4930 .988 .0235 2.3 | 97-7 
eakee 74.67 | .4112 . 4160 .989 -0225 | 2.2 97.8 
Sere hs kt akekh ee oOeae 44.65 3188 | . 3216 .992 .0163 | 1.6 | 98.4 
Dae 0 ie 0.8795 004219 312.78 .5845 | . 5960 .98I 0395 3.8 96.2 
awe Se Et eae een 208.77 . 4800 . 4870 .986 0283 2.9 | 97-3 
SEE venek By) O gagse 139.36 | . 3920 -3977 .986 0283 2.4 | 97-3 
9 |Thin plate.. 1.308 00933 139 38 - 529 -8835 eo Tso Sens m4 San 
10 |Thin plate. . 1.0478 00599 312.78 | 508 .8495 pee eB Ss 
bedava Ee? laaweus 208.78 -413 -6940 -595 eaten’ 
SO EN eames ts pedis 139-37 -3397 -5675 S95 | «eee: 
Ir |Thin plate.. 2.500 03408 70.28 1.385 2.290 (ae E2-t Penge 

















The energy coefficient and efficiency of the streams thrown by 


The power wasted in journal friction and windage was meas- 
the circular orifices and needle nozzle cannot be determined by 


ured by two entirely independent methods. The first method 


any simple means, since there is no method for measuring their 
contraction with the same degree of exactness and simplicity as 
in the case of the coefficient of discharge. Great care must be 
taken to have the tips of the nozzles truly cylindrical before we 
can even approximate to a value for the efficiency of a nozzle. 

The discharging stream from the nozzle is milky and opaque, 
but holds together fairly well as far as the bucket of the wheel. 
The discharge from a thin plate is transparent but has a tend- 
ency under high heads to break in an erratic manner. Its effici- 
ency is probably very high. Later and more careful experiments 


tried was by means of a transmission dynamometer of the belt 
type, which in effect, measures the difference in tension between 
the tight and slack side of the driving belt. This dynamometer 
is absolute in its measurements but was checked up by compar- 
ing its readings with those of asmall Prony brake. The results 
were practically identical. The wheel was driven through the 
dynamometer by an electric motor, whose speed could be varied 
through wide limits. 


WHEEL NO. I (7-INCH BUCKETS) WHEEL NO. 2 (4-INCH BUCKETS) 


of nozzle No. 8 seem to give an even higher efficiency than the —— a 

c : Speed Required Speed Required 
ones here recorded. In fact it has been difficult to detect an ap- ee eh oS a 0.096 i. eee 2 0. 109 
preciable variation from unity. The same result has been found eS Pays 148 > a 133 
by Hamilton Smith, Jr., in his tests on nozzles under 340 feet 7 SEE ing raee 188 Re a 
head at North Bloomfield, Cal. He says, ‘‘With great heads, HS i a Rae RN ate Ri oS ps 
and smooth conveying mouth-pieces, the coefficient of discharge Re as ae 318 dees... one 277 
cis nearly 1.’’* Since the variations in the third decimal place BRS gas 406 i St 348 
are probably due to errors of observation, it will be very nearly pS ec ey ene 501 Sa SN ha - 505 
true to state that the coefficient of discharge of these nozzles, Ma Sos 816 SE eae 651 
and with heads varying from 50 to 300 feet is not less than .980. AE 908 382 Soy ate a. 741 
This gives an energy coefficient of .0417, and an efficiency of 96 A reas acs 1.033 41s. a 
percent. In all these tests the head was measured by the rotat- * SERRA 1.144 Mi Bo re 1.090 
ing piston, loaded with standard weights. MMe gato Sie 1.686 


Tests were made to determine the power necessary to drive the 
wheel at various speeds up to 520 revolutions per minute. Two 
wheels were employed in this work, both being used on the same 
shaft and bearings. The first wheel (Wheel No. 1) was thirty- 
six inches in diameter measured across the tips of the buckets, 
and was provided with eighteen standard Pelton buckets, seven 
itiches wide (measured parallel with the shaft). The weight of 
of this wheel is 307 pounds. The second wheel (Wheel No. 2) is 
thirty-four inches in diameter, and is provided with twenty-two 
standard buckets, four inches wide. Its weight is 238 pounds. 
The shaft weighs 235 pounds and the Prony brake 465 pounds, 
making in all 1007 pounds on the journals for wheel No. 1, and 


It will be seen from the above that the frictional and windage 
resistance of these wheels is considerable. It cannot be affirmed 
that the windage resistance is the same when running on water, 
but it is probably not far from the results given; a little greater 
if anything. Through no experiments were made to seperate the 
two parts of this resistance, that due to journal friction must be 
quite small compared with the air resistance. If the cover is re- 
moved from the wheel, the power required is still further in- 
creased, since new air is drawn in and accelerated by the rotat- 
ing mass. 

WHEEL NO. 2, COVER OFF. 
Horsepower 


938 pounds for wheel No. 2. During the tests for friction and speed Required 
windage, the Prony brake was removed, making 542 pounds and TE eee gate deOb ae ces o sécecdkeaceacas 0.279 
473 pounds on the journals for the two cases. The two journals CRAs 6 5G deka SURES daa sne 6 <awdiee seh seeseescss . 486 
are twelve by two and fifteen-sixteenths inches, and are provided ied cies tine saci Cocoa ieee vege dices co-cee -927 


with ring-oilers. 


*‘Hydraulics,’’ by Hamilton Smith, Jr., page 288. 


The law of variation of the power absorbed by windage and 
friction with speed, can best be studied by plotting the results on 
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logarithmic paper, as shown in Figure 2.* Itis seen that the 
points fall in a straight line for the greater part of the distance. 
By the slope of the line we find that for speeds above 190 revo- 
lutions per minute the relation between horsepower absorbed and 
speed is, for Wheel No. 1: 


H. P. 
and for Wheel No. 2: 
H, P.. = .00000207 N?*% 


.0000032 JV 20% 


It will be observed that the power wasted here varies very 
nearly as the square of the speed. 

Another and more accurate method was afterwards employed 
to obtain the friction and windage losses, The wheel was belted 
to a sensitive tachometer whose readings were verified by actual 
comparison with a revolution counter while attached to the 
wheel. ‘ The wheel was then belted to an electric motor, brought 
up to full speed (about 500 revolutions per minute) and the motor 
belt thrown off. As the speed died away the needle of the tacho- 
meter slowly fell throughout its whole range, and the timé of 
passing each fifty-mark was caught on the sheet of an electric 
chronograph. From the chronograph record, corrected for the 
slight errors of the tachometer, a time-speed curve was drawn on 
ordinary profile paper. From this was deduced a speed-acceler- 
ation curve, or a curve which shows for each particular speed, the 
rate at which the speed is decreasing. 

The wheel was then removed from the casing, taken off the 
shaft, and carefully weighed. It was then hung upon a knife 
edge just inside the rim, and swing as a pendulum. If / is 
the distance from the point of suspension to the center of gravity 


FIGURE 8 


of the wheel (here identical with the center of the bore, as the 
mass is carefully balanced), ¢ the time in seconds of one oscil- 
lation, and ¢ the radius of gyration, then 


-P 


And the moment of inertia is then easily obtained in gravitational 
units as 


=_ Ww 2 
I= 2 q 
where W is the weight of the wheelin pounds. The moment of 
inertia of other rotating parts, such as the shaft, belt pulley and 
brake pulley, can easily be obtained by direct measurement. In 
this way the tocal moment of inertia of the rotating mass can be 
obtained. Callit /,. Finally, from the principles of mechanics 
we know that ean eal 
par o 4™ ,aN 
me “(63 33000) “dé 
Where H. P. is the horsepower lost in windage and friction 
(causing the retardation in speed), VV the number of revolutions 


a. 4 
per minute, and a the rate of change of speed taken from 
the acceleration curve. 


*See THE JOURNAL, Volume XV, page 137, April, 1905. 
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within the range of an experimental curve, the corresponding 
values of the horsepower wasted can be calculated as follows: 


FRICTION AND WINDAGE TEST. 


Wheel No. 1 and Brake Pulley 
Cover on. 


Wheel No. 1 Alone 
Cover on. 


Aen ee | 
dt f 


Time aN 
See FP 
t dt | 


7 | 





1.808 
1.318 
65 | .994 
25 .728 
85 504 
7° 337 
60 207 200 
00 .129 150 
21 .063 100 
-70 .024 50 
.18 .000 o 


500 ; 12.60 
450 : 10.20 
400 


500 
450 
400 
350 
300 
250 


16. 1.407 
14. 1.126 
12. .864 
10.3! 632 
+435 
.281 
.175 
.098 
.048 
.o18 
. 000 


nn 


300 
46.1 
61.8 

100 81.8 
50 107.3 
o 142.9 


200 


UQbn von& 


bwWHHMH 
WwW AAH Am 


a 
° 
nv 


81.9 
110.5 


HH N®OWLUN OC 


The second table (Wheel No. 1, Alone. Cover on) is the one 
which was made under as nearly as possible the same conditions 
as the results préviously given by the transmission dynamometer 
for this wheel. It will be seen that they agree fairly well for the 
higher speeds, but not so well for lower speeds. 

The impact test consists of a measurement of the force pro- 
duced by the direct impact of the stream against a stationary 
bucket. This force will vary according to the position of the 
bucket, being a maximum when the stream strikes the middle of 

the dividing wedge of a single bucket, 
and at right angles to its front face. 
It isa minimum when a bucket has 
partially entered the stream, This 
minimum force is largely influenced 
by the thickness and form of the front 
wall of the bucket. The most accur- 
ate impact tests were made on Wheel 
No. 2, and these only will be given 
here. In order to present the bucket 
to the stream in various phases of its 
action, a lever five feet in length was 
clamped to the shaft as in Figure 3. 
Its out end was provided with a cir- 
cular segment containing equally 
spaced holes numbered from one to 
eleven. The angle subtended at the 
center of the shaft between lines 
drawn to holes Nos. 1 and 11, is the same as the angle between 
the tips of two adjacent buckets, viz., sixteen degrees, twenty- 
two seconds. By placing a steel pin in each of the holes in suc- 
cession, and allowing the segment to descend till the pin rests 
upon a column standing on a small platform scale, the impact 
of the stream on the buckets can be measured through one cycle. 
It must be remembered, however, that this is not the exact action 
which takes place while the wheel is running, for then two buck- 
ets may be in action even after one has cut completely through 
the stream. The tests are in this respect incomplete. For con- 
venience the segment and lever were counter-balanced as shown’ 

The following table gives the results of this test, where Nozzle 
No. 8 was used on heads varying from 44 feet to 208 feet, and 
where the forces are really moments with a lever arm equal to 
the perpendicular distance between the axis of the stream and 
that of the shaft. This is practically the direct impact in the 
‘pitch circle’ of the wheel. It is evident that the journal fric- 
tion affects the resultssomewhat. An attempt was made to elimi- 
nate this by repeating the tests in reverse order. 

The curves of Figure 4 represent the results of the tests, where 
the abscissze are bucket positions. All the curves are seen to be 
of the same general form, with a strongly marked minimum be- 
tween positions 3 and 4. This position is the one in which the 
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IMPACT TEST ON STANDARD PELTON 4-INCH BUCKET. 
DIAMETER OF NOZZLE 0.8795 INCHES. 














| 

h=44.6 | h=74.6 | h=104.7| h=139.3 | 4=208.7 

Feet | Feet Feet Feet | Feet 
No. of Hole | Q=.22 | O=.286| O=.337 | O=.389 | O=.474 
Pounds | Pounds | Pounds | Pounds | Pounds 

I 37-3 57-9 86.9 120.5 180.3 

2 31.0 3. | ee 103.9 154-6 

3 —3e.¢ 46.7 63.2 85.1 121.8 

4 15.0 39.3 64.4 77.6 124.8 

5 27.3 49.6 78.9 101.6 159-3 

6 30.6 60.3 87.1 116.9 177.8 

7 29.8 61.1 87.3 121.8 183.6 

8 28.6 60.0 87.8 120.8 184.0 

9 35.2 58.4 85.9 120.8 |. 186.7 

10 35-3 60.4 87.5 121.8 185.5 

Ir 30.9 58.5 84.6 120.4 180 5 
Theoretical 44.2 74.4 103.6 138.1 210.0 


front wall of a bucket is splitting the stream, Curve 1, Figure 5, 
shows the impact on 140 feet head expressed as a percentage of 
the theoretical impact.* Curve II in the same figure shows the 
percentage of theoretical impact on the same head given by the 
same bucket with its front wall planed down to a thin knife-edge. 
This thin edge cuts the stream without splashing, and hence the 
much smaller drop in impact force between positions 3 and 4. 

A fairly complete set of efficiency tests have been made on 
both wheels, using the plain nozzles, needle nozzle, and discharge 
through thin plate. It must be remembered that the Quimby 
pumps running at constant speed, cannot deliver more than 
about 1.3 second-feet of water, and that therefore the head is 
limited to about forty-five feet on Nozzles Nos. 1 and 2, and to 
about seventy-seven feet on nozzles 3 and 4. This is to be regret- 
ted, as the large wheel which gives the better efficiency, is de- 
signed for a two-inch stream, or approximately the stream thrown 
by Nozzles Nos. 1 and 2. Undoubtedly if the head on these noz- 
zles could have been raised to 200 feet, the wheel would have 
given several per cent. highcr efficiency. No perceptible differ- 


*If the theoretical impact in pounds is P, then P = QO w V/g (1 + cos /), 
where /, the discharge angle, is here 13°. 


EFFICIENCY TESTS ON STANDARD THREE-FOOT PELTON WHEEL 
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ence could be detected between the performance of the wheel 
when using the short-radius and long-radius nozzles. 

In order to show the method of computation, the complete re- 
sults of two tests on forty-five feet head are introduced. The 















































8 s 
FIGURE 4 


tests, it will be noticed, are made on four speeds, and an effici- 
ency-speed curve similar to Figure 6 is drawn. The maximum 
efficiency for the test is taken from the maximum ordinate of 
this curve. All the tests which follow were made in exactly this 
manner, In the cases of discharge through thin plate and the 
needle nozzle, it is not easy to calculate the nozzle loss. 


. NO. I. WIDTH OF BUCKET SEVEN INCHES. 

















WEIGHT ON JOURNALS 1007 POUNDS 
Approximate Diameter of Nozzle __ Diameter Openings Thin Plate. Y Needle 
Head Nozzle 
Feet 2.085 1.800 I 474 1.049 0.8795 2.5 1.308 1.0478 Full 
Inches Inches Inches Inches Inches Inches Inches Inches Open 
| | 
45 Efficiency...| 79.1% | 79.0 | 76.9 a ee ee eee ee ee eer rere 
eas velkaen’ 1.25 936 | Ee te eee ee AEs Sea cas E eeecae- teen 
77 Efficiency...| ...... | 79.2 P94 72.7 68.8 ee wee ass 77.8 
stveceeeee|  ceeeee 1.21 | 833 .414 . 286 SC Pe aakRLe suede 37 
105 Efficiency...| ...... i 79. « | neta bathe ene is ender Tn dandy’ B-.2cenes 
SEAS re Kida et | ae aha .960 ie os coneun ens Rent eRe chaada 
140 BG@iciency...|- © ....6 ates et 78.5 | 72.6 | 68.8 Mee SES 75.2 We Lancia et 
tesencenee| — ceeees | Bec 1.11 | 558 | jee teres 524 SME cececk 
208 Efficiency...| ...... fp seeeee | conven | eweees | 70.0 L. asasne. | weceve a eee 
Yvecee cere]  ceeees | oteeeee | teeees | teens .475 | teeeee | seen es ER . ‘cava 
312 Eiiciency...|..«ss<\«. | eeeeee | coven | ee eeee 71 4 Rs cee so Ma arate tay | 72.5 | ewes. 
eg tae tases iuehen ciene dows -579 yatta veeee | 503 iweass 
EFFICIENCY TESTS ON STANDARD THREE-FOOT PELTON WHEEL NO. 2. WIDTH OF BUCKET FOUR INCHES. 
WEIGHT ON JOURNALS 938 POUNDS. 
Diameter of Nozzle Thin Plate 
Head Diameter 1.308 
2.085 Inches 1.800 Inches 1.474 Inches 1.049 Inches 0.8795 Inches Inches 
| 
45 Efficiency........... 54.4 65.0 69.6 SW a Tt See ht awe 
OD sc cvbecssevocsecss 1.213 .923 .619 CE ee en ae eee 
77 RNS fdas ds GaN Ean s'he'e 66.0 72.0 72.4 67.5 72.8 
wine sceeeeeceeeee| tenes 1.19 7 .407 .285 384 
105 Nas cckecet. 5. genes Sie eames Lb Se RCo 73-5 ee Ba eo ae 
| 
cose n cee cece cerers | fae eee Po gers 8 > cakes .482 SORT Lewin eae, 
140 Efficiency........... De sy a 73.2 73.8 RSS Pag ae ere ne 
MS is i ge ai Oe pan os la eta 1.09 .556 . 389 roca 
208 i heb Mee See ego Be ee ge E> aneeee ch edocs Mere eT es as 
Pcie eevieeh *  yeeaes * $'. " wakiiee  —o' . verewe ” fF . vedecs Pe ee ees we 
312 I et ue a het teak ee = 94 irk) ec uiene: 2b tees: fs eecese MY = Ba 2 
Pea aeaeuiedasl) |S eeeule 1 eewbes 2 |. eeesew =  f eeenee -579 pcan 
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TEST ON IMPULSE WHEEL MADE IN THE HYDRAULIC LABORA- 
TORY OF THE UNIVERSITY OF CALIFORNIA. DIAMETER OF 
WHEEL, THREE FEET; BUCKET WIDTH, SEVEN INCHES; 
NOZZLE, L. R. NO. 2; DIAMETER OF NOZZLE, 2.085; 
AREA OF NOZZLE, 0.02373 SQUARE FERT. 





HEAD MEASUREMENT 
Weight | Weight | Total Area /(Pressure.| Position Total 
on oO Weight | Piston. | Pounds | Correc- | Velocity |rffective 
Platform.|Platform.jon Piston| Square | Per Sq. | tion. Head. | ‘Head. 
Inch. | Inch. | Feet. | Feet. | Feet. 


er Pounds. | Pounds. 


1.75 | 3.00 | 4-75 | 44.86 





0.2499 19 | $0.75) +0.2 


QUANTITY MEASUREMENT 




















| Vel: of 
| Rise. etme] FEES lar wx {Lome in| *Mcjemcy 
Time. | en Q. — af . of in Jet. Nozzle. Nozzle. 
Second - |Nozzle. Per Cent. 
oe 
5 min, | | 5 
20 sec. | 264.1 | a 52.6 | 43.0 | 6.32 | 6.08 | 0.24 | 96.2 
sa a Mita it . wail iodine 
POWER MEASUREMENT 
| Revolu- 
, i ; Scale Working Wheel 
Time. Revo- tions B. H. P. 
: : Reading.| F ‘ . 
Minutes. | lutions. | ee Pounds peumte. H. P aeeety 
| | | 
5 | 1004 200.8 34.8 28.05.| 4.46 70.6 
4 175.2 41.4 35-65 | 495 78.3 
6 | geo 150.0 | 47.3 41.55 | 4-94 78.2 
5 634 126.8 52.0 46.55 | 4.65 73.2 
se dieas 
POWER BALANCE i 
: | Windage Bucket and 
M Loss in : 
Total H. P. Realized. Nozzle. seleiee. — mange 
6.32 H. P. 5.00 H. P. | 0.24 H. P. | 0.13 H. P. | 0.95 H. P. 
100 per cent. |79-* per cent)3.8 per cent|2.1 per cent|15.0 per cent 





| 


Constants—Length of brake arm, 59 inches; overweight, 4.75 
pounds; tank constant, 1.507. 


TEST ON IMPULSE WHEEL MADE IN THE HYDRAULIC LABORA- 
TORY OF THE UNIVERSITY OF CALIFORNIA. DIAMETER OF 
WHEEL, THREE FEET; BUCKET WIDTH, SEVEN INCHES 
NOZZLE, L. R. NO. 4; DIAMETER OF NOZZLE, 1,800 
INCHES; AREA OF NOZZLE, 0.01767 SQUARE FEET. 


HEAD MEASUREMENT. 





Area | Pressure! Position 


Weight _—- Total .,.| ‘Total 
on o Weight | Piston | Pounds | Correc- | Velocity! pfftective 

Platform Platformjon Piston) Square | PerSq. tion c Head 

Pounds | Pounds | Pounds | Inch Inch Feet Feet Feet 


1-75 | 3-00 4.75 | 0.2499) 19 | +.75 | +0.11) 44.75 





QUANTITY MEASUREMENT. 


Vel.ct; « |g. Be. 


E ats Loss ‘Efficien 
Time — Q — Back ona in | of ~ 
Minutes <a. Per 2 o Jet Nozzle Nozzle 
i | Nozzle H. P. | Per Cent. 


Second) Feet 


6 221.3 0.936 53.00 43.60 4.75 4.56 | 0.19 96.0 
7 | 258.7 0.937 } 


| 





Constants—Length of brake arm, 50 inches; over weight, 4.7 
pounds; tank constant, 1.507. 
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POWER MEASUREMENT. 
| Revo- | . | . | 
Ti R 1 eee | . Scale Working! » yp Wheel 
Minutes | tutions | per’ | Touma | rounds | P| Bertone 
Minute 
| | | 
Te ee RENE ee ee SOME a Osea, eR eee ee | beta 
5 1030 | 206.0 | 26.4 | 20.7.| 3.38 | 71.2 
5 909 | 181.8 31.3 | 25.6 3.69 77-7 
5 767 153.4 36.4 39.7 | 3-73 | 78.6 
5S | 627 | 125-4.) 41-4 | 35.7 | 3-55 | 74.8 
POWER BALANCE. 
; Loss Windage Bucket and 
Maximum ; ; 
Total H. P. . d Disch 
. Realized Nozzle Friction Losses 
4.74 H.P. | 3.75 H. P. | 0.19 H.P. | 0.15 H.P. | 0.66 H. P. 


100 per cent. |79.0 per cent/4.0 per cent|/3.2 per cent|I3.9 per cent 


In addition to these tests with plain nozzles and discharge 
through thin plate, the following tests were made with the needle 
nozzle on Wheel No. 2. The efficiencies are given for heads of 
140 feet and 230 feet constantly maintained, while the needle is 
held in various positions. The speed of the wheel is also kept 
constant in the two cases, as follows: 


TEST ON THREE-FOOT STANDARD PELTON WHEEL, USING LARGE 
NEEDLE NOZZLE ON FOUR-INCH BUCKET 
Head constant at 140 feet. Speed of wheel 290 revolutions 


per minute. 


Position of needle. 
Per cent Eff 
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20 Second—For a given head, the efficiency is highest when the 


diameter of the stream is about three-tenths the width of the 
bucket. 

Third—The discharge through thin plate increases to a slight 
extent the efficiency under high heads. 

Fourth—The efficiency of the wheel is far less affected by vary- 
ing sizes of stream thrown by plain nozzles under constant head, 
than by varying sizes of stream thrown by an adjustable needle 
nozzle under the same conditions. (See Figure 7.) 
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FIGURE 7 
; h 
Head constant at 230 feet. Speed of wheel 375 revolutions ; 
per minute. 
Position of needle. 1 2 3 4 5 6 
Per cent. Eff...... .8. 3. Ge: 53.0 we 7:3 
OP eee vie ou eles ss .661 .558 .467 . 362 .264 .166 


The efficiency-speed curve shown in Figure 6 is only the crest 
of the complete curve, or the region near the maximum ordinate. 
This is all that is necessary in measuring the efficiency of the 
wheel. In fact if we could predetermine the speed at which the 
efficiency was a maximum, but one measurement would be neces- 
sary. Figure 8 shows a complete efficiency curve for Wheel No. 


‘ 
' 
' 
2 on 140 feet head using nozzle No. 7, 1.049 inches in diameter. : : | 
' 
. 
' 


ROSY SSNS 


On the same sheet is shown the theoretical curve of efficiency. 
It will be here seen that while the best speed from a theoretical 
standpoint is 346 revolutions per minute or one-half the velocity 
of the jet, the actual speed which gives the best result is at 275 
revolutions per minute, or at .397 times the jet’s velocity. This 
ratio does not hold exactly for all cases. The wheel hereis work- 
ing far below its rated capacity. As the output of the wheel in- 
creases, the ratio rises to perhaps .42 or .43. It will also be ob- 
served that the theoretical efficiency rises to 99 per cent. 

In looking over the preceding tables, the following laws ap- 
pear to hold: 


First—For a given size of nozzle, the efficiency increases slowly 
with increasing head. 





FIGURE 9 





Fifth—For a given quantity discharged the 
efficiency of the wheel working with the needle 
nozzle falls off as the head is increased. 

A few attempts have been made to increase the 
efficiency of Wheel No. 2. The change which at 
first appeared most certain to affect the result 
was in connection with the front wall of the 
bucket. It will be remembered that the impact 
upon the stationary bucket was in certain posi- 
tions greatly increased by planing the front wall 
down to a knife edge. Accordingly a complete 
set of buckets was planed down in this way with 
the following results: 














jot Jet! _ 





NOZZLE NO. 8 


Vel 


Head 225 feet. 

Original bucket. Maximum efficiency 74.0 per 
cent. 

Bucket with thin front wall. Maximum effi- 
‘ciency 75.1 

It will be observed that the increase is small but 
definite. It seems, therefore, that although the 
FIGURE 8. average stationary impact is greatly increased by 
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this change, the efficiency of the wheel is changed only in a 
slight degree. 

A change was then made in the nozzle by inserting a seven- 
eighths-inch brass tube in one of the larger nozzles, and cutting it 
away on the upper side till the tip of the bucket barely cleared, 
the idea being to preserve the circular form of the stream up to 
the bucket tip. A slight increase in efficiency resulted from this 
also, its maximum value rising to 76.4 per cent. 
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FIGURE 10 


In conclusion it should be stated that the wheels in every case 
were working far below their rated capacity. Doubtless if a 
wheel were built purposely to fit the conditions present in our 
laboratory, higher efficiencies would be realized. Similarly the 
needle nozzle was far too large to do any efficient work under 
high heads, for the simple reason that, with the needle in its po- 
sition of highest efficiency, the nozzle could not be filled at such 
heads by the pumps. 
LITERATURE, 

“THE BERLIN-ZOSSEN ELECTRIC RAILWAY TESTS OF 1903,’’trans- 
lated from the German by Franz Welsz, with an introduc- 
tion on the general subject of train resistance by Louis Bell, 
Ph. D. Cloth; too quarto pages four by eight inches, with 
fifteen illustrations and thirty-eight plates. Published by 
the McGraw Publishing Company, New York, 1905. Price 
$3.50 postpaid. 

Here is presented under a single cover the first complete trans- 
lation of the official report of the test runs on the famous Berlin- 
Zossen experimental high speed electric railway during the 
months of September and November, 1903—tests which occupya 
unique place in the history of modern engineering in that they 
represent a deliberate, thoroughly organized and highly success- 
ful effort on the part of a syndicate for research, at solving the 
greatest problem of twentieth century transportation; that is, 
the application of electric traction to very greatly increased rail- 
way speeds. 

The scope of the report is best told by giving a synoptic state- 
ment of its contents. First, highly important is Dr. Bell’s able 
discussion in a general way of the broad subject of train resis- 
tance. Then, inthe way of preparatory work, there is fully dis- 


cussed the construction of the new road, the changes wrought in 
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establishing satisfactory overhead lines, the electrical equipment 
of the cars, the reconstruction of the high speed cars and the re- 
maining details, with particular reference to measuring instru- 
ments and signal apparatus. In delineating the results of the 
test runs there is described, with many tables and characteristic 
curves, the braking and starting periods, air and train resistance, 
power consumption, behavior of cars during high speed service, 
and the behavior of the new road bed under tests. Then follow 
a few pages of general observations upon 
the subject, together with an appendix 
concerning the projected high speed 
electric railway between Berlin and Ham- 
burg. The work is, in brief, of infinite 
value to the engineer who is investigat- 
ing high speed railway service. 

The Berlin Zossen experiments were 
carried out at the expense of the Stu- 
diengesellschaft, and one can hardly 
overestimate the splendid work that it 
has done for Germany and for the world 
in pushing to a triumphant conclusion 
what may be fairly rated as one of the 
most imposing scientific investigations 
in history in its bearing on human enter- 
prise. The Atlantic cable is the single 
great experiment of commensurate im- 
portance; and while we now see the 
cable’s value clearly, we can hardly yet 
appreciate the revolution in communica- 
tion that would be wrought were the 
Berlin-Zossen tests pushed to their legiti- 
mate conclusion. In the fullness of time 
the work of the Studiengesellschaft will 
bear fruit worthy of its promise, and the 
world will realize the debt that it owes to 
the unwearied energy of this brilliant 
and determined group of engineers and 
captains of industry. 


“PRACTICAL ELECTRIC LiGHT FITTING,” by F. C. Allsop; sixth 
edition; enlarged; 290 pages; 242 illustrations; cloth. Pub- 
lished by The Macmillan Company, 66 Fifth Avenue, New 
York. Price $1.50. 


This book—‘“‘a treatise on the wiring and fitting-up of build- 
ings deriving current from central station mains, and the laying 
down of private installations’’—takes the finished electrical en- 
gineer back for a decade or two into the realms of reminescenes 
when he studied with avidity every point that he could rest eye 
upon pertaining to the science that he had determined to follow. 
It was an elementary lot, that—Ohm’s Law and its consequences, 
series, multiple, muitiple-series, series-multiple and three-wire 
systems, the direct or low tension and the alternating or high 
tension systems, lamp switches, main and branch cut-outs and 
fuse boards, ceiling “roses,” lamp holders, series direct current 
arc lamps, and wiring instructions supplemented by fire office 
rules. In particular does one recall portions of those venerable 
books that are now valued from historical standpoints and which 
picture, for instance, the Brush arc dynamo and the open arc of 
the clutch-feed form, or their equivalents, as typical of arc light- 
ing development. Aye, those were the days when all electrical 
literature, being of scant quantity, partook, perforce, an element 
of noble quality that does not belong to it in the light of today’s 
masterliness. 

Recollections of these antiquities are revived by many pages of 
the present book, which, by the way, depicts English central sta- 
tion and wiring practices, rather than those of America. Assuch 
it is of little value to the engineer, although it contains much 
that would instruct the layman, the apprentice and the dabbler 
did he possess the patience to study electrical methods and ap- 
pliances when presented on foreign bases. 
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“AMERICAN TELEPHONE PRACTICE,” by Kempster B. Miller. 
Fourth edition, enlarged and entirely re-written. Sizeten 
by seven and one-fourth inches; 888 pages and 643 illus- 
trations. Published by the McGraw Publishing Company, 
New York. Price, $4.00. 

In this work Mr. Miller has again proven himself to be more 
than the peer of any other writer on telephone engineering that 
the world has yet produced. Throughout his work there is inter- 
woven a charm of descriptive style that makes every page both 
pleasurable and instructive reading, for aside from being an engi- 
neer, he is a writer of greatest ability. 

The first thought which occurs on opening this almost massive 
book is that telephone engineering is indeed a science unto 
itself—a science which by reason of its zery magnitude alone, 
goes to prove that the day has long since passed when any man 
can become proficient in every branch of electrical science. This 
is indeed a day of specialists; no one appreciates the fact more 
than the electrical man, and if a techno-literatus is to be known 
by his works, then surely the present writer Has earned hisniche. 

To discuss Miller’s ‘‘American Telephone Practice” could take 
a page orasentence. Let us choose the latter.: It is at once the 
most exhaustive, authentic and invaluable work on telephony yet 
published. 


A NEW HYDRO-ELECTRIC PLANT IN COLORADO. 


HE Animas Canal, Reservoir, Water, Power and Investment 
+ Company, of Durango, Col., is now installing a hydro- 
electric plant of considerable importance. The power 
house is located about twenty miles from Durango, at a point 
affording an effective head of 970 feet available through 2800 feet 
of pipe. The initial installation will consist of two 2250 kilowatt 
General Electric generators, direct connected to Pelton water 
wheels, but provision has been made in the dam and head-works 
for an ultimate development of 30,000 horsepower. 

The present pipeline, one of the two units, is of sheet steel, 
varying in diameter from forty-four inches at the upper end to 
thirty-four inches at the wheels, and of thicknesses from three- 
sixteenth inches to eleven-sixteenth inches. The pipe is all 
double buttstrap rivited, with triple riveting at the lowerend, and 
is provided with flanged connections. Thus an exceedingly 
heavy and substantial pipe construction is insured. 

The water wheel units, two in number, are of the ‘‘double-over- 
hung” construction; each unit consisting of two Pelton wheels, 
one overhanging each end of the main shaft, with the engine- 
type generator in the center, Needle nozzles are used, which, 
operated by oil-pressure automatic governors, will insure accu- 
rate regulation and economy of water at all stages of load. The 
wheels are approximately eight feet in diameter, with centers of 
cast steel, turned all over and fitted with Pelton buckets strad- 
dling the periphery and secured to same by means of turned 
steel bolts driven in reamed holes. The buckets are fine ground 
and machined inside to obtain the highest possible efficiency. 
Each wheel unit will have a maximum capacity of 4000 horse- 
power to provide for an overload on the generator. 

The complete hydraulic plant, including pipe line and water 
wheels, was manufactured by The Pelton Water Wheel Company, 
of San Francisco and New York, and the electrical equipment by 
the General Electric Company; F. O. Blackwell, of 49 Wall 
Street, New York, being retained as consulting engineer of the 
Company. 


HOW PINTSCH GAS IS MADE. 


HE Pintsch process is a German invention, and it presents 
certain important differences from that followed in making 
oil gas. In both cases crude oil is used for fuel, but the 

Pintsch method takes distillate, or partial y-refined oil, for its 
gaseous material. The distillate is sprayed into hermetically- 
sealed cast-iron restorts.raised to a white heat. As there is no 
air in the chambers the distillate does not burn, but is immedi- 
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ately volatilized. It comes out as gas, passes through a water 
seal, and then enters a condenser to be cooled by outside run- 
ning water. Nextit is washed, and then purified by means of 
oxide of iron or lime. «It is now the pure gas and passes into a 
holder at ordinary low pressure. 

From the low pressure holder the gas is pumped out and then, 
by means of two compound Pintsch gas engines, each of 100 
horsepower, it is compressed into a steel cylindrical holder ata 
pressure of not less than 300 pounds to the square inch. 

The gas under the pressure stated is then piped to the coach 
yard of the railway shops where at intervals are roo ‘‘filling pots,’’ 
in appearance much like hydrants, whereby the gas is released 
and conveyed by vulcanized rubber hose direct to the cars, still 
under pressure. All classes of railroad cars are now illuminated 
by gas. 


“THE ARC LIGHT.” 


NDER the above title there appears in the current number 
of a prominent monthly* an interesting and authentic 
resume of the early history of the arc light—interesting 

and authentic both in that it is from the pen of no less an import- 
ant personage in the electrical world than Charles F. Brush, who 
may well be termed the father of arc lighting. In this story— 
it is nothing more, as judged from its style of narration—Mr. 
Brush relates how his attention was first drawn to the electric 
arc-light, how his earliest study experiments had all trended to- 
wards its direction, how, in the early days, wiseacres expounded 
funny fictions when even facts were fatuous, and how, by dint of 
patience, perseverance and unremitting toil, the business of the 
Brush Electric Company grew until it led the world in its chosen 
field. 

Mr. Brush’s contribution is the first of a series of papers on 
great inventions discribed in 7he Century by their inventors, and 
early nnmbers will contain articles on ‘‘Electric Traction,’’ by 
Frank J. Sprague; ‘‘The Transmission of Power,’’ by Nikola Tesla; 
‘*The Air-Brake,’’ by Geo. Westinghouse, and others. 


PERSONAL. 


A. C. Bunker, who as engineer of the Stanley Electric Manu- 
facturing Company, gave electrical supervision to the erection of 
the Standard hydro-electric plant at Electra, and who is, in con- 
sequence, well and most favorably known in this State, has be- 
come associated with the engineering department of the Crocker- 
Wheeler Company at Ampere, N. Y. in the capacity of alternat- 
ing current engineer. 


Mr. Robert Bruce Flather, who, as superintendent of the Oakland 
Warehouse Company, makers of the well known California 
Incandescent Lamp, is undoubtedly the best informed incandes- 
cent lamp manufacturer on the Pacific Coast and whose biog- 
raphy is already familiar to the readers of these columns,+ was 
married at Ione, Cal., on March 27th, to Miss Agnes Marie Mack, 
the daughter of Mr. and Mrs. George F. Mack, and who is one 
of the most talented young ladies of thatcity. Thecouple will 
make their home in Oakland. 


Mr. W. A Stadelman, for ten years general Eastern agent of the 
Brown Hoisting Machine Company and whose engineering ex- 
perience dates from 1883, when, as chief engineer of the Equit- 
able Electric Railway Construction Company, he had direct 
charge of the selling and installation of the pioneer apparatus of 
the Sprague Electric Railway and Motor Company, has been ap- 
pointed general Eastern agent of the Wellman-Seaver-Morgan 
Company, of Cleveland, Ohio, with offices at 42 Brcadway, New 
York City. Mr. Stadelman assumed the active duties of his new 
business on April Ist. 


*The Century Magazine, Volume LXX, page 110, May, 1905. 


#THE JOURNAL, Volume XII, page 162, August, 102. 
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VoLUME XV MAY, 1905 NUMBER 5 
EDITORIAL. 
In this prosperous year of our Lord 
cms 1905 there is about to gravitate toward 
etter: Portland—‘‘ the Rose City’’ of the Pacific 
Northwest—a mighty flow of travel to 
CONVENTIONS. 


attend the celebration of the one hun- 
dredth anniversary of the exploration of 
the then so-called ‘‘Oregon Country’ by Captains Meri- 
weather Lewis and William Clark as commemorated by 
the Lewis and Clark Centennial Exposition and Oriental 
Fair. The plans, scope and aims of the Portland Expo- 
sition have been outlined in these columns heretofore,* 
but it is not redundant to state at this time that while, in 
1894, California gloried in its Midwinter Fair, the entire 
West, if not the entire country, is looking forward with 
keenest expectancy to the opening of the Lewis and Clark 
Centenxial. In point of magnitude alone (and magni- 
tude, in this case, is synonymous with interest) the Mid- 
winter Fair was but 40 per cent. of that which the Port- 


land Exposition is to be. 
ed 


The East needs an introduction to the Middle West 
and both the East and the Middle West need an intro- 
duction to the Far West. These introductions are going 
to be made, for the Exposition at Portland will bring 
together both ends and the middle and make them mutu- 
ally acquainted. The East ought to know more about 
the West than the West knows about the East. for East- 
erners travel in the West more than Westerners travel in 
the East; but somehow these touring Easterners do not 
seem to diffuse their knowledge of the West when they 
return home, or perhaps the home-staying Easterners 
refuse to believe what their travel-wise neighbors tell 
them of the West, because some of those tales are ‘‘tall- 





*THE JOURNAL, Volume XIV, page 212, July, 1904. 
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ish,’’ so to speak, and appear unbelievable to the eye of 
the conservative Easterner. On the other hand, the East 
has gained a mighty misconception of the West by plac- 
ing credence in tales entirely too ‘‘tall’’ for the proper 
stature of truth and veracity. The ‘‘ wild and woolly’”’ 
West is the only West which much of the East wots of. 
The tamed and tranquil West they refuse to believe in, 
and they entertain also, in some quarters, a notion that 
the West is incapable of complete civilization. 

The Exposition at Portland will do much toward giv- 
ing the East a proper attitude of appreciation toward the 
West. The thousands of Easterners who will take ad- 
vantage of the reduced railroad rates and attend the 
Exposition, see the Western country and its people, 
study conditions and take note of achievements, will 
return home with minds cleared of very much haziness 
that has clouded them by reason of the acceptance of 
fictional characters as gospel fact. They will find all 
along the Pacific Coast a civilization far advanced— 
splendid cities with skyscrapers, church spires, public 
libraries, universities of learning and—well, even tele- 


phones. 
se 


In constructing this Western World’s Fair man and 
nature have from the first worked hand in hand. Nature 
has provided an exposition site more beautiful and better 
adapted to the purpose than any ever before so utilized. 
The site embraces a natural park and a little lake, which 
together cover 405 acres, a peninsula in the center of the 
lake completing a picture of rare attractiveness. Hill 
and dale make up the mainland. The main Exposition 
palaces cluster at the top of a slight elevation overlook- 
ing the lake, while across it, in the distance, tower the 
snow-clad mountain peaks of the Cascade Range. Four 
of these—Mount Hood, Mount Ranier, Mount Adams 
and Mount St. Helens—may be seen from the grounds. 
The general scheme embodied in the laying out of the 
Exposition provides for compactness without crowding. 
There are no long vistas of monotonous, white Exposi- 
tion structures to weary the eye, no long aisles to weary 
the limbs. Entering by way of the Colonnade Entrance, 
the ornate gateway of the Western World’s Fair, one 
reaches Pacific Court, and passing through it comes upon 
Columbia Court, thé central plaza of the Exposition. 
Here sunken gardens ‘filled with a profusion of tropical 
flowering plants are flanked on either side by wide ave- 
nues, while in the center stands the heroic statue in bronze 
of Sacajawea, the Indian slave woman who guided Lewis 
and Clark on their expedition a century ago. 

To the right of Columbia Court is the Agricultural 
Palace, the largest building on the grounds, and beyond 
it the Palace of Manufactures, Liberal Arts and Varied 
Industries, which almost equals it in size. Beyond this 
building is a group including the Mines and Metallurgy 
Building, the Machinery, Electricity and Transportation 
Building and Festival Hall, the Auditorium of the Expo- 
sition, which has a seating capacity of 3000. 

In the western portion of the grounds the European 
Exhibits Building flanks Columbia Court; further over 
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are located the original Oriental Exhibits Building, the 
Forestry Building and a number of State structures. 
West of the Forestry Buildings, in a little ravine, are 
situated the experimental gardens. Astor Drive sepa- 
rates these gardens from Centennial Park and leads to 
the Trail and the Bridge of Nations, which, aggregating 
a length of 2000 feet, connects the mainland with the 
Government Peninsula, which projects into Guild’s Lake, 
the natural grand basin of the Exposition and whereon 
is located Uncle Sam’s magnificent display, characteristic 
of the United States Government’s participation in 
world’s affairs. 

The Exposition Palaces are nearly all completed, and 
work on those not yet finished is progressing so rapidly 
that their readiness long before opening day is assured 
beyond a shadow of a doubt. When the Western World’s 
Fair opens its doors to visitors on June rst next, the 
Western people will see an Exposition which is charac- 
teristic of the resources of the country, and Eastern 
people, who are perhaps a little weary of Expositions, 
will see many things that they could not see at any 


earlier fair. 
st 


Along with the great influx of visitors to Portland 
during the coming summer there will be thousands who 
will go there primarily to attend one or more of the 
many conventions which will be held in that city, under 
the auspices of the Centennial. Indeed some thirty odd 
national conventions have already been assigned dates for 
meetings, and these organizations embrace many divers- 
ified professional and sociological walks. Of immediate 
interest, however, is the fact that the ninth annual con- 
vention of the Pacific Coast Electrical Transmission 
Association is to be held there, in acceptance of the invi- 
tation extended by Mr. H. W. Goode, President and 
Director-General of the Exposition. As is well known, 
Mr. Goode is also President of the Transmission Associ- 
ation, which augurs the extending of every possible cour- 
tesy to the visiting delegates. In this invitation Mr. 
Goode extended the assurance that the Exposition would 
be prepared to furnish without charge a satisfactory hall 
for the sessions of the Association, as well as that, if 
desired, prominent recognition would be given to the 
convention by setting apart a special day, or by provid- 
ing some distinctive feature of the Exposition programme 
for its celebration. Advantage will be taken of both 
these courtesies, and as for the convention itself, the 
innumerable preliminaries which must be taken to insure 
a successful meeting are so well under way that there is 
every reason to predict that the coming convention will 
be more important in every way than any of its prede- 
cessors. And that is saying a great deal, when the San 
Jose and Monterey conventions are recalled. 

we 

The most important fraternal event of the year in elec- 
trical circles of America is the twenty-eighth annual con- 
vention of the National Electric Light Association, which 
is to assemble in Colorado from June 6th to June rrth, 
inclusive, its business sessions to be held in Denver, after 
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which an adjournment will be taken to Colorado Springs 
for its social features. The- Denver meeting affords an 
exceptional opportunity for the electrical fraternity of 
the West to induce the Association to hold its convention 
for 1906 in San Francisco. But this cannot be done by 
the exercise of any passive effort. The Far West should 
send a strong delegation of its representative electric 
light, power and transmission interests to attend the 
Denver meeting. Indeed efforts are now under way by a 
number of progressive San Franciscans to attend the 
Denver convention, returniog to San Francisco by way 


of Portland. 
st 


But of greater importance than even this is the circular 
just issued by the Technical Society of the Pacific Coast, 
calling for a general engineering congress to be held in 
Portland during the latter part of June. Let this letter 
speak for itself: 


TECHNICAL SOCIETY OF THE PACIFIC COAST. 
SECRETARY’S OFFICE, 89 FLOOD BUILDING, ) 
SAN FRANCISCO, April 22, 1905. J 

To the Members of the Technical Professions: It has been in 
contemplation by the Board of Directors of the Technical Society 
of the Pacific Coast, to hold the next spring meeting in Portland, 
Or., during the time of the Lewis and Clarke Centennial, making 
the meeting a part of an Engineering Congress in which other 
organizations may take part. 

The Pacific Northwest Society of Engineers of Seattle, Wash., 
is contemplating a similar convention, the officials of the United 
States Reclamation Service are planning to hold a meeting at the 
same time and the Pacific Coast Electric Transmission Associa- 
tion is to hold its ninth annual convention there on June 20~23. 
The Pacific Coast Railway Club and asthe local members of the 
American Societies of Civil, Mechanical aud Electrical Engineers 
may be induced to take part, there appears to be every pros- 
pect of a successful gathering. More particularly will it lead 
to success if we are able to start the enterprise with the co-opera- 
tion of not only our own membership, but with the assistance of 
every technical man on the Pacific Coast. In thisspirit we should 
like to see the Engineering Congress started. 

The matter has been brought to the notice of the President of 
the Exposition, who stated in his reply that a professional gath- 
ering of technical men in Portland would be most agreeable to 
the authorities in charge, and that they would co-operate with us 
in every possible way to bring about the desired result. The 
information was also given us that efforts are now making to 
secure such reasonable rates of railway transportation as to in- 
duce the desired travel to Portland this summer. There are 
hotel facilities there at the most reasonable rates. It is thought 
that a stay of about one week, or perhaps ten days, will give time 
enough for the Congress and for visiting the Exposition from day 
today. The invitation to attend the Centennial and Congress is 
also extended to the ladies of the members and guests, who are 
invited to take part in all social functions and entertainments 
tendered to the societies. 

The principal business of an Engineering Congress is the con- 


* sideration of technical papers which are presented and discussed 


on.such occasions. 

The International Engineering Congress, held under the 
auspices of the American Society of Civil Engineers, at St. Louis, 
in 1904, is an example of what may be done. Its transactions are 
now publishing in six large volumes, containing papers on 
almost every technical subject that has any bearing on human 
welfare. It seems reasonable to assume that an author present- 


ing a subject before a large body of his colleagues will have an 
earnest audience and that his subject will attract the attention, 
not only of those who are there to discuss it, but also of those 
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who read the paper and its discussion in the printed transactions 
subsequently. 

Before the Technical Society is able to take any further steps 
in this matter it will be necessary to obtain certain information 
from all those who are hereby addressed. It is our wish that all 
engineeers co-operate in this undertaking, whether members of 
the Technical Society or not, and we request that this notice be 
replied to by anyone who may take an interest in a great engi- 
neers’ holiday, to the extent of helping to make it a success. 
The time has not yet been definitely set, but it is thought that 
the end of June would be generally agreeable, for most engineers 
are more likely to be at liberty then and willing to devote a part 
of their summer vacation to what may be made the greatest 
technical event that has yet taken place on the Pacific Coast. 

The two most vital questions affecting the proposed visit, and 
the replies to which will in a measure decide the projected Con- 
gress, are the following: 

1. How many may be counted upon to take part? 

2. How many papers will be obtainable? 

We trust that this Congress may be held and that the Technical 
Society may take an active part. It cannot afford to let other 
organizations consummate this public enterprise without taking 
a leading stand. It will depend upon our members now to take 
up this matter and to give it the consideration that it should 
have and which it deserves. And all technical men are hereby 
requested to lend us their aid and individual co-operation. 

Very truly yours, 
GEORGE W. DICKIE, President. 

OTTO VON GELDERN, Secretary. 


ad 


This suggestion calls for the exercise of the active sup- 
port of the engineering interests of the Pacific Coast 
toward its consummation, and, as the annual convention 
of the Transmission Association is to be held in Portland 
on June 20th—23d next, as stated, it is opportune that it 
should co-operate to the fullest possible degree in partici- 
pating in the Engineering Congress which the Technical 
Society has so pertinently proposed. The engineering 





IRRIGATION OF SUGAR CANE IN THE HAWAIIAN 
ISLANDS. 

RRIGATION may be regarded as a modern science and be- 
I longs to that branch of hydraulics which pertains to obtain- 
ing a requisite amount of water and delivering it to the land 
to be cultivated for the purpose of increasing the growth of vege- 
table matter. The quantity of water necessary depends largely 
upon the character of the soil and the product to be raised. 
There are but few instances where more water is required than in 
the cultivation of sugar cane. In the Hawaiian Islands the 
method of irrigation may be divided into two classes, the first 
being a natural water supply and the second an artificial supply. 
In the former case, the source of supply is such that its elevation 
permits of the water being carried by ditching to the cane land, 
but in many instances it is essential that large dams and reser- 
voirs and many miles of ditches be constructed at a large first 
cost, but their operating expenses is comparatively small. When 
this plan is not feasible, it becomes necessary to obtain water 
from the lowest levels ard pump it to a height into the main ditch 
from which it is led by smaller ditches to different points for dis- 
tribution. In many instances, plantations having a natural sup- 
ply of water do not entirely rely on this, but install pumping 
machinery so that either method may be resorted to. This is 
done in order to prevent great losses in case of accident. 
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professions which are allied with transmission develop- 
ments are almost innumerable and the problems which 
electric power transmission awakens are so diversified 
that the opportunity for merging the transmission con- 
vention into a general Engineering Congress appears to 
be almost irresistible. As yet, however, it is too early to 
announce the programme which is to be followed, 
although undoubtedly full details will be ready for publi- 
cation in the ensuing number of THR JOURNAL. 


In these days of herculean achievement 
one is apt to become inured to the belief 


— that the world has never witnessed such 
WE A . 
stupendous undertakings as are now in 
FORGET.” 


progress, be they viewed either from a 
financial or an engineering standpoint. 
But, after all, the pace set by the ancients in this direc- 

tion is one which even we moderns, with all our boasted 
wealth and enterprise, have not ventured to maintain. 
Witness, for instance, the great Temple of Solomon, at 
Jerusalem, the building of which will ever be a wonder- 
ment. Forexample, it has been stated* that in its con- 
struction there were 80,000 men employed as hewers of 
stone, 60,000 bearers of burdens, 10,000 hewers of cedars 
and 3300 overseers, all of whom were employed for seven 
years, and upon whom, besides their wages, Solomon 
bestowed $43,869,850. If their daily food cost 50 cents 
each, the total sum for all was $319,385,400 during the 
time of building. The materials in the rough are esti- 
mated as having cost $12,726,985,000, and the total cost 
of the building is placed at the enormous sum of $34,- 
399, 110,000. 
" *Record and Guide. 





Many irrigating propositions have failed for the reason that 
the mechanical methods used for raising water create a heavy 
running expense which could not be met by the plantation own- 
ers. It then became necessary to install new machinery, greatly 
increasing the first cost but materially reducing the former oper- 


ating expense. As new plantation companies were organized, 
the first consideration, from a commercial roint of view, was the 
subject of irrigation. Upon this depended the selection of lands, 
the method of cultivation and the construction of sugar mills, 
railroads, etc. 

When one stops to consider the enormous production of sugar 
cane in these islands, and after understanding the peculiarities 
of the cane, the subject of irrigation naturally presents itself as 
one of the chief features of the industry. From the timethe cane 
is planted until it is cut some eighteen or twenty months inter- 
vene, during which time the ground must be irrigated at the rate of 
about 10,000 gallons of water a day for each acre. Many of the 
plantations have under cultivation between seven and eight 
thousand acres, which require more than three times as much 
water as is used by the city of San Francisco. Continually rais- 
ing such enormous quantities of water to the cane land must be 
accomplished by the most economical method known to engi- 
neering, as upon it depends either financial success or failure for 
the plantation. 
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The most modern and up to date pumping plant yet erected 
was installed in 1904 for the Honolulu Plantation Company, of 
which John A. Buck, of San Francisco, is president. This com- 
pany recently added 1400 acres of new cane land to its posses- 
sions, and this new land requires for its cultivation 14,000,000 
gallons of water every day. 

The gigantic pumping engines which supply this immense 
volume of water were designed and constructed by the Geo. E. 
Dow Pumping Engine Company, of San Francisco, and are the 
largest ever built on the PacificCoast. On page 201 is illustrated 
one of these engines, the photograph of which was taken in the 
shops of the Dow Company just prior to the shipment of the 
engine to Honolulu. Each pump has a daily capacity of 7,000,- 
ooo gallons raised to an elevation of 450 feet. The water is taken 
from twenty-seven artesian wells, ranging from €00 to 1200 feet 
in depth, which discharge their water into one common suction 
header forty-eight inches in diameter by fifty feet long, and six- 
teen feet above sea level. The pumps take theirsupply from this 
header and deliver it into a thirty-six-inch steel pipe which runs 
up the mountain side to the cane line and into a weir having a 


float and time recording instrument, so that at all times the ~ 


exact flow of water is recorded. 

As has already been mentioned, economy is the chief feature 
in such a huge undertaking. The type of pumping engine 
adopted by the builders in fulfilling their efficiency guarantee 
was a horizontal four cylinder triple expansion crank and fly 
wheel with Corliss valve gear, using steam at a pressure of 180 
pounds per square inch. The principal dimensions of each en- 
gine are as follows: 

Diameter high pressure cylinder (1), twenty-two inches; diam- 
eter intermediate pressure cylinder (1), thirty-eight inches; diam- 
eter low pressure cylinders (2), forty-four inches; diameter water 
plungers (2), fourteen and three-fourth inches; length of stroke, 
forty-eight inches; total length, sixty-six feet six inches; total 
width, twenty-three feet eight inches. 

Many new features have been introduced into this design, 
chief of which is the method employed for tying the steam and 
water ends together, 7. ¢. by long steel tie-bars running from the 
crosshead yokes on the steam end along the sides of the cylind- 
ers directly to the plunger chambers on the water end. This con- 
struction has the advantage of a direct resistance to the thrust of 
the piston rods. Anotherimportant change from former methods 
is the application made use of for driving the air, circulating and 
feed pumps. These three auxiliary pumps are designed as a 
single self-contained machine. They are located below the floor 
line and are constructed with a walking-beam and connecting 
rod leading to acrank disc which is keyed to the end of the 
main crank shaft so that one revolution of the main engine 
produces a complete revolution of the three auxiliary pumps. 
The surface condensers, each having a total cooling surface 
of 1400 square feet, are also located below the floor line. The 
pump rods and steam piston rods are connected by clamped 
crossheads of forged steel with adjustable shoes sliding on guides 
to take the weight of the reciprocating parts. 

The water end embodies all the latest features of the weil 
known Dow water works pump. It is of the outside central 
packed pattern with double acting plungers. working through 
long bronze linings. Directly under the suction valves are large 
vacuum chambers so essential to the smooth action and perfect 
operation of the valves. The design of the valve decks is such 
that they can be removed without disturbing the alignment of 
the pump—a feature which has been found lacking in the older 
type of pump. The valve seats are screwed into the decks on a 
fine taper thread with machine power so that all danger of seats 
backing out iseliminated. The valve is designed particularly for 
this class of work, it being leather-faced and has a double dis- 
charge, constituting a construction that permits of an extremely 
low lift, which in many cases more than double the life of the 
valve. Relief Valves are fitted both above and below the valves 


on the delivery line in order to protect the pump and pipe line 
against careless manipulation and mishaps. 
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Steam is furnished to both pumping engines by four 250 horse- 
power water tube boilers, located on the surface, while the pumps 
are enclosed in a concrete pit seventy-five feet long by fifty-five 
feet wide and six feet thick some thirty-two feet below the sur- 
face. The fuel used is California crude oil. 

The entire plant, including boilers, pumps, piping ayd all 
auxiliaries, were furnished by the Geo. E. Dow Pumping Engine 
Company. The official duty tests were made under the super- 


vision of Edwin T. Dow, representing the builders, and W. J. 


Dyer, representing the Plantation Company, and the result of 
the tests were alike pleasing to the Honolulu Plantation Com- 
pany, and gratifying to the builders. Messrs. John A. Buck and 
James A. Low, president and manager respectively of the Plan- 
tation Company were present during the trials. The duty ob- 
tained, -being figured on a basis of weir measurements and with 
no corrections for moisture in the steam or any deductions what- 
ever wa8 157,995,557 foot-pounds for every 1000 pounds of steam 
supplied by the boilers, this being 17 per cent. in excess 
of the guaranteed efficiency. The percentage of total efficiency 
was 94.2. 

The following data was taken from the first engine during the 
trial: 

Steam pressure, in pounds per square inch, 180; first receiver 
pressure, in pounds per square inch, 37.5; second receiver pres- 
sure,in pounds per square inch, 2; vacuum, inches, 27; water 
pressure, pounds per square inch, 195; revolutions per minute, 38.2. 


THE JOHN M. KLEIN ELECTRICAL WORKS. 


NE of the oldest and best known electrical supply houses in 
San Francisco, established in 1879—the John M. Klein 
Electrical Company incorporated—has been thoroughly 
reorganized during the month just closed and will henceforth be 
conducted under an entirely new 
management. This change has 
been brought about principally 
through the acquirement of the 
stock held by W. J. Morgan, for- 
merly president and general man- 
ager, by new parties, prominent 
among whom are George K. Porter 
and W. L. Goodwin. Under the 
new management Mr. Porter as- 
sumes the presidency and Mr. 
Goodwin the managership. 

While heretofore the concern has 
engaged in a general contracting, 
manufacturing and repair business, 
in addition to sales of electrical 
supplies, hereafter its line will be 
exclusively that of general jobbing 
in electrical supplies. The estab- 
lishment occupies the entire three stories and basement of the 
building situated at 105-107 Battery Street, San Francisco, which 
is rapidly being fully stocked with 
every commodity used in the elec- 
trical trades. Mr. Porter, who now 
heads the enterprise, is thoroughly 
acquainted with local electrical 
interests, having been a resident 
of San Francisco for the past 
twenty-three years and having 
been variously associated with a 
number of its prominent local 
electrical concerns, principal 
among whom may be named the 
General Electric Company’s San 
Francisco office, the Market Street 
Railway Company, the Edison 
Light and Power Comyany and the 
Novelty Sign Company, of which 
latter concern he has been presi- 
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dent and general manager for the past seven years. From 
the latter position he now retires to enter the broader field pre- 
sented by the John M. Klein Electrical Company. His experi- 
ence has therefore particularly fitted him for his new labors and 
the success that he has achieved in the past augurs its continua- 
tion. 

Mr. Goodwin, who for several years past has been connected 
with the California Electrical Works in the capacity of traveling 
salesman, is a native of San Francisco and in addition to the 
duties as manager will have eutire charge of the sales department. 
His long experience in the many different branches of the elec- 
tric field will prove invaluable to his many friends in his new 
capacity, where he will be in an admirable position to offer such 
assistance as may be required in their various lines. Mr. Good- 
win’s career in the electrical business dates back many years and 
there is hardly a branch of the business with which he is not 
thoroughly familiar. For many years Mr. Goodwin was con- 
nected with the Fire Alarm and Police Telegraph of San Fran- 
cisco, now known as the Department of Electricity. At the 
adoption of Civil Service in San Francisco Mr. Goodwin entered 
the examination in the electrical department and passed the very 
severe test with the high percentage of 98.6 placing him No. 1 on 
the list of eligibles. : 

In addition to his thoroughly practical knowledge of electricity, 
Mr. Goodwin’s technical training of many years hard study 
places him in an admirable position iu his new capacity. 


SINGLE PHASE MOTORS FOR VARIABLE SPEED 
SERVICE, 


NDOUBTEDLY the most important announcement of the 
season regarding the development of single phase motors 
is that made by the Wagner Electric Manufacturing Com- 

pany stating that it is now prepared to furnish sixty-cycle single 
phase alternating current motors for elevator, hoist and traveling 
crane service. It is well known that motors for this service must 
possess the characteristics of the series direct current motor for 
starting, and of the shunt direct current motor for continuous 
running at full speed. In the construction of direct current 
motors it is therefore usual to employ compound windings, pre- 
dominance being given to the series or shunt coils, depending 
upon the immediate kind of service to be performed. In elevator 
work, the series type of direct current motor is very desirable 
during the starting operation, but shunt windings are imperative 
to provide safety against ‘‘running away”’ of the equipment. The 
single phase motor now offered by this company possesses in one 
winding the starting characteristics of the series type of direct 
current motor, and the running characteristics of the shunt type. 
Manufacturers have long endeavored to secure an alternating cur- 
rent single phase motor having these very desirable characteris- 
tics, and the introduction of this apparatus regarded as one of the 
most important innovations made in recent years. 

Elevator service imposes a heavy static and inertia load at the 
instant of starting. With the best types of elevators, this load is 
about 50 per cent. in excess of full running load. The driving 
motor must therefore develop at the first instant of starting a 
torque not less than 50 per cent. in excess of full running torque. 
In the best types of direct current elevator motors, the excess of 
torque is developed with about 50 per cent. excess of starting cur- 
rent over full load running current. In other words, the best 
types of direct current elevator motors develop the same torque 
per ampere under starting conditions as under full load running 
conditions. Exactly the same is true in the single phase motor 
now offered by the Wagner Company, the starting current under 
full load conditions not exceeding 50 per cent. in excess of the 
full load running current. This excess of starting current very 
quickly disappears as is shown by the characteristics shown in 
the figure since the nature of the service is such as to require an 
excess of torque momentarily only. Therefore the excess energy 
demand from the circuit to provide the necessary starting torque 
is also limited to one or two seconds only. With the proper con- 
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trolling mechanism, the starting current will fall to full load cur- 
rent within two seconds after the current is applied to the motor, 
and will thereafter be practically full loadcurrent up to full speed. 

The inherent characteristics of this single phase motor are such 
that this load is not applied abruptly to the circuit, but may be, 
with the proper controlling devices, applied with sufficient grad- 
ation to make it possible to serve an elevator motor from the 
same transformer carrying lights without affecting the lights to a 
noticeable extent. 

As with all types of induction motors, the power factor of this 
new form of motor is less than unity. By proper design, however, 
there has been secured a power factor of from 80 per cent. to 85 
per cent. both in starting and at running speed—a condition which 
the Wagner Company claims has heretofore not been secured in 
any commercial form of either single phase or polyphase motor. 

Elevator service requires an acceleration from rest to full speed 
of from four to ten seconds, depending upon the frequency of 
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stops and on the kind of duty to be performed. Freight elevators 
are usually accelerated in about twice the interval of the best 
types of passenger elevators. The inherent characteristics of this 
single phase motor are such that the acceleration can be made 
anything desired, and in every respect practically identical with 
that of the best types of direct current elevator motor. Moreover, 
conditions frequently arise in elevator service under which it is 
very desirable to employ the breaking power of the motor run- 
ning as a generator on the down trips. The single phase motor 
is such as to act as an induction generator when the armature is 
rotating at speed in excess of synchronism. 

The builders are prepared to furnish this type of construction in 
all of the usual standard sizes, up to and including twenty-five 
horsepower. Immediate delivery can be made on the ten horse- 
power size, which is at the present time required for probably 60 
per cent. of the elevator service likely to be developed on central 
station alternating current systems. 

The type of motor herein described, and which is illustrated on 
advertising page xiii, is capable of speed control through 4o per 
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cent. of the speed range, and installations requiring service of 
this sort will be undertaken upon receipt of specifications. This 
characteristic of the motor will be especially useful with ventilat- 
ing fans and certain kinds of shop tool service. 


PELTON WHEELS FOR KAUAI, HAWAIL 


HE contract for supplying the water wheels and governors 
for the Kauai Electric Company, Honolulu, H.T., has been 
placed with the Pelton Water Wheel Company, of San 

Francisco and New York. ‘The installation when completed will 
be the most important of its character in the islands, and will 
consists briefly of two 1200-kilowatt Westinghouse alternators 
direct driven by twin Pelton wheel units, operating at a speed of 

75 revolutions per minute under 550 feet effective pressure. The 
water wheels will be capable of driving the generators at a 50 
per cent. overload. Hollow forged nickel steel shafts will carry 
the rotor and wheels, these latter being overhung, and the whole 
revolving element carried in two water-cooled self-oiling bear- 
ings. Pelton combination needle and stream deflecting nozzles 
. will distribute water to each wheel, these nozzles being provided 
with hydraulic spring and counter balancing devices, thus 
greatly facilitating their operation. Two seventy-kilowatt, 570 
revolutions per minute, continuous current generators, also 
direct driven by Pelton wheels, will supply the exciting current, 
a feature of this generating set being an automatic speed gover- 
nor for controlling the exciters should the speed of the same 
accelerate 23 per cent. above normal. 


THE EDWARD F. CANNON COMPANY. 


HE Edward F. Cannon Company, of Portland, Or., has just 
a entered the engineering field. It expects to devote its 
energy to hydraulic engineering in connection with the 
sale of transmission, power and railway apparatus and will 
also handle several lines of machinery, among which will be The 
United Telpherage Company, of New York, the Van Emon En- 
gineering Company (electric elevators), of San Francisco, the 
Adams-Bagnall Company (electric mining drill) and the Jefferies 
Electric Manufacturing Company (mining and machinery sup- 
plies.) It expects to cover the Pacific Northwest. It is need- 
less to say that Mr. Cannon, as president and general manager 
of the Northwest Electrical Engineering Company, has placed 
himself in the front rank of engineers, as he made that company 
one of the most successful in the Northwest. He resigned the 
office which he had held for fifteen years, recently, in order 
that he might devote his entire attention to theinterest mentioned 
above. The Edward F. Cannon Company will energetically 
exploit the power field in the future in that district. 


STANDARD UNDERGROUNDIN SOUTHERN CALIFORNIA 


Supplemental to the publication made in these columns last 
month,* wherein the Standard Underground Cable Company 
announces the discontinuance of its agency arrangement on the 
Pacific Coast, it now states that E. K. Preston will be in charge 
of its office located in the Braly Building, Los Angeles. 

As is well known, Mr. Preston has been directly connected with 
the electrical business on the Pacific Coast in closely allied lines 
for a number of years. 


Two interesting brochures known as Folders No. 4044 and 4055 
respectively have been issued by the Westinghouse Electric and 
Manufacturing Company in description and illustration of their 
new designs of fan motors for 1905. The former discusses direct 
current fan motors and the latter is devoted to fan motors of the 
alternating current type. Full specifications and prices of each 
are included. 


* THE JOURNAL, Volume XV, page 155, April, 1905. 
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NEW INCORPORATIONS. 


VACAVILLE, CaL.—The Mutual Telephone Company has been 
‘‘permanently organized” by O. H. Allison, T. J. Mize and G. W. 
Crystal. 


KALAMATH, FALLS, OR.—The Kalamath Falls Telephone Com- 
pany has been incorporated, with a capital stock of $15,000, by 
Messrs. Louis, J. H. and H. H. Hessig. 


BAKER City. OR.—The Baker City Light and Power Company 
has been incorporated by C. A. Johns, J. H. Parker and F. M. 
Averill, with a capital stock of $400,000. 


WEISER, IDAHO—The Weiser Electric Light and Power Com- 
pany (Ltd.) has been incorporated by Petis Ellis, T. C. Galloway, 
J. H. Morrison and W. H. Adams, of this city. 


FAIRVIEW, UTAH—The Fairview Electric Light and Power 
Company, with a capital stock of $15,000, has been incorporated 
by Peter Olsen, A. U. Miner, Peter Sundwall and others. 


TREMENTON, UTAH—The Bear River Valley Telephone Com- 
pany, of Utah, has been incorporated by G. L. Carlton, G. H. 
Hickok, S. B. Watland and others; capital stock $25,000. 


CHINO, CaAt.—The Home Telephone Company, of Chino, has 
been incorpgrated for the purpose of building and equipping 
twenty miles'of, telephone lines from Rincon through Chino to 
Pomona. 


ROSWELL, N. M.—The Citizens Light and Power Company has 
incorporated with a capital stock of $100,000, held principally by 
E. E. Hull and C. E. Roberts, of Roswell, and J. A. Buckley, of 
Kingfisher, Okla. 


SAN FRANCISCO, CAL.—W. W. Low, T. I. Stacey, C. C. Hillis, 
F. J. Cram and Clara J. Hillis have incorporated the Electric Ap- 
pliance Company, with a capital stock of $100,000, to which they 
have fully subscribed. 


STockTon, CaL.—The Stanislaus Natural Gas Company has been 
incorporated by F. M. Barnett, P. H. Denton, J. C, Adkins and 
others, with a capital stock of $100,000, for the purpose of boring 
gas wells in Stanislaus County. 


Sonora, CAL.—The Jamestown and Yosemite Railway Com- 

pany, whose principal place of business is San Francisco, has 
been incorporated by W. C. Potts, S. H. Smith, T. S. Bullock and 
others; capital stock $1,000,000. 
. Monrovia, CaAL.—The Monrovia Gas Company has been in- 
corporated with a capital stock of $50,000, of which $22,000 has 
been subscribed by A. MacGillivrary, of Corona, H. Kirchen- 
schlager, C. F. Moore and others, of Monrovia. 


SANTA BARBARA CAL.—Harry Wood and Wm. S. and Alfred P. 
Redington and others have incorporated the Wood-Redington 
Machinery Company, capital stock $25,000, for the purpose of 
manufacturing and dealing in general machinery, automobiles 
and electrical goods. 


BoIsk, IpAHO—The Utility Power Company (Ltd.), of Boise, 
has been iucorporated by J. L. and L. J. Weaver and Frank Mar- 
tin, of Boise, and Henry Fitch and B. A. Dare, of New York, with 
a capital stock of $300,000, for the purpose of engaging in the gen- 
eration of power, in mining and in town sites. 

BoIsE, IpaHo—The Shoshone Power Company, capitalized at 
$5,000,000, has been incorporated by Francis L. Lyman, J. A. 
Bagley and L.. R. Martineau, F. M. Lyman being chief engineer. 
This company proposes to build a plant on Shoshone Falls, to cost 
about $1,000,000 and to transmit power to various points in Utah. 
It is stated that another million dollars will be expended in build- 
ing distributing stations and in equipping subsidiary companies, 
and that about seventy of the leading business men of Salt Lake 
City, are interested in the enterprise. 


Los ANGELES, CAL.—The Peoples Gas Company, of Los An- 
geles, has been incorporated with a capital stock of $5,000.000, 
by W. F. Botsford, J. B. Lankershim, A. C. Bilicke, O. T. 
Johnson, Geo, Chaffrey, Jno. R. Haynes and M. S. Connell who 
are reputed to represent capital amounting to $25,000,000. The 
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new company is to acquire the East Main and Garvanza gas 
plants built by Prof. T. S.C. Lowe under the title of the Los 
Angeles Suburban Gas Company, and which have until the last 
fortnight been enjoined from the distribution of gas in this city. 
The East Main plant is to be enlarged as soon as practicable to 
serve 50,000 consumers. Its present capacity is 5000 consumers 
and that of the Garvanza plant is 2500 consumers. 


FINANCIAL. 


VALLEJO, CaL.—E. H. Rollins has purchased the $90,000 worth 
of 5 per cent. twenty year water bonds at a premium of $3800. 


SANTA ANA, CaL.—N. W. Halsey & Co., have purchased the 
$57,000 4% percent. electric light bonds of the city of Santa Ana, at 
par and interest. 

VALLEJO, CAL.—W. H. Smith, late of Pasadena, has been ap- 
pointed general manager of the Vallejo and Napa Valley Electric 
Railway Company. 

HARRISBURG, OR.—The Council has ordered a special election 
to be held for the purpose of bonding the city in the sum of $3000 
for an electric light and water works. 


SPRINGFIELD, UTAH—The City Council contemplates the levy- 
ing of a ten-mill tax for the current year for the purpose of in- 
stalling a water system to cost $25,000. 


SanTAa Rosa, Cal.—Bonds in the amount of $235,000 have been 
voted for municipal improvements, of which amount $72,500 is 
for the improvement of the water system. 


HonoLuLu, H. T.—The Kauai Electric Company is to be 
financed with the assistance of the McBryde Sugar Company, and 
when this is accomplished over $200,000 will be spent on improve- 
ments. 


Corton, CaL.—The Colton Gas Company is to create a bonded 
indebtedness of $50,000 which will be used in enlarging a gas 
plant extending the street mains and improving the service gen- 
erally. 


SANTA ANA, CAL.—The City Council has been forced to recind 
its recent sale of $57,000 worth of. electric light bonds to N. W. 
Halsey & Co., on its having been made without publicly adver- 
tising for bids. 


SEBASTOPoOL, CAL.—G. W. Swain has sold the Sebastopol Elec- 
- tric Light Works to Dr. English, T. Gaytes and Z. McBride, who 
own the electric light works at Vacaville, and G. W. Kingsbury 
and Arthur B. Swain, of Sebastopol. 


ANAHEIM, CAL.—At its recent annual meeting the Anaheim 
Gas Company elected L. E. Miller, president; T. S. Grimshaw, 
vice-president; M. K. Miller, secretary, and Bird V. Beebe, treas- 
urer, to serve during the ensuing fiscal year. 


EVERETT, WASH.—The Everett Railway and Electric Company 
and the Everett Water Company are being reorganized for the 
purpose of consolidating, which will make it possible to issue 
further bonds for general betterment and improvement. 


PASADENA, CAL.—The City Council has recommended the sale 
of $931,250 in municipal water bonds and has instructed the Board 
of Public Works to proceed with the installation of an additional 
pumping plant is Mission Valley to cost about $30,000, 


ANGELS, CAL.—Leopold Wallach is authority for the statement 
that he has placed an issue of $5,000,000 in. bonds of the Stanis- 
laus Electric Power Company which proposes to build a power 
plant at Murphys and to supply therefrom 24,000 horsepower to 
Stockton, San Jose and San Francisco. 


San FRANCISCO, CAL.--The annual meeting of the stock hold- 
ers, of the American River Electric Company held on April 17th 
resulted in the election of the following board of directors: 
Mortimer Fleishbacker, F. H. Buck, Herbert Fleishhacker, W. 
EB. Gerber and S. C. Scheeline. 


LA GRANDE, OR.—The Grande Ronde Electric Company and 
the LaGrande Storage Water Company have been consolidated, 
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the directors of the new company being J. A. Thronsen, Walter 
M. Pierce, W. G. Hunter, T. H. Crawford and another party yet 
to be elected. Power will be developed at Cove and at Morgan Lake. 


SAN FRANCISCO, CAL.—Officials of the San Francisco Coke and 
Gas Company which is now laying about too carloads of gas mains 
in the streets of this city, state that it will cost about $5,000,000 
to complete a satisfactory system of mains and that this money is 
to be raised by a bond issue. Steps for the sale of $2,500,000 in 
such bonds have already been taken. 


SANTA BARBARA, CAL.—It is generally believed that the filing 
of a mortgage a few days ago by the Inter-Urban Railway Com- 
pany is the first step toward the construction of the proposed ex- 
tension of the electric railway from Santa Barbara through Monte- 
cito, Miramar and Summerland, these to connect with the branch 
line to Los Angeles. The mortgage is for $250,000 and is issued 
to the Los Angeles Trust Company to secure the bonds of the 
company. 

SALEM, Or.—The street car system, electric light and power 
plant and the gas plant of this city, have been sold to E. P. Mc- 
Cornack, a Salem capitalist, who is believed to be the nominal 
purchaser acting in the interests of Messrs. Morris Bros. and 
Christianson owners of the Oregon Water Power and Railway 

ompany. The former owners of those plants were I. Lowengart, 
of Portland, A. Welsh, of Salem, and F. Langerman, of Portland, 
respectively. 

SAN FRANCISCO, Cal,.—At a special meeting of the stockhold- 
ers of the Truckee River General Electric Company, held on 
April 8th, it was voted to increase the capital stock from $2,500,- 
000, divided into 50,000 shares, to $3,000,000, into 60,000 shares, 
of the par value of $50. The 10,000 additional shares will be 
taken up by the present stockholders, and the amount realized 
used to increase the capacity of the power plant from 2000 to 4o,- 
ooo horsepower. The new plant has been in course of construc- 
tion for some time, and will be completed in the near future. This 
company has been paying a regular monthly dividend of 10 cents 
a share. 

SAN FRANCISCO, CAL.—The statement of comparative earnings 
of the San Francisco Gas and Electric Company for three years 
ending December 31, 1904, is as follows: 


1904. 1903. 1902. | 
TN SR odin 5 dem nabnenice $4,393,277 $2,504,771 $1,989,834 
Operating, expenses, interest, etc. 2,627,839 1,534,814 1,285,897 
Re oii 60% dimen den 0 cv 08e 1,765,438 969,957 703,937 
Depreciation, etc., funds......... 700,000 395,000 =. 282, Io! 
IE nn cin a ce besecgnecwccccees 1,065,438 573,957 421,836 
Dividends...... Bee bade Gm, we Ra 396,211 inate 
SPP casos Ss cccitine ss coceneil +. BFR AZ 178,746 421,836 


SAN FRANCISCO, CAL.—Comparative statements of the earnings 
of the California Gas and Electric Corporation for February, 1904 
and 1905, respectively, are as follows: 


1904. 1905. Increase. 

Gross earnings............... $273,465.94 $395,786.06 $122,320.12 
Operating, maintenance, taxes, 
insurance, etc., subsidiary 

ER ae G4 headawins 186,075.81 290,910.03 104,834.22 

9 ee eee ls re ee ee 87,390.13 104,876.03 17,485.00 
Corporation bonded indebt- 

WINE a ctec bees ee vsccecs 33,333-33 36,600.00 3, 266.67 


Balance ......... Gee asc’ Woes 54,056.80 68,276.03 14,219.23 
Sinking fund................. 12,§00.00 12,500.00 
Wee Carpe i402 0. 41,556.80 55,776.03 14,219.23 


SAN Dreco, CAaL.—The property and holdings of the San 
Diego Gas and Electric Light Company, have been purchased 
and reorganized by Charles R. Collins, of Seattle, representing 
Los Angeles, Chicago and San Diego capital, and henceforth the 
system will be known as the San Diego Consolidated Gas and 
Electric Company. The personnel of the new company is 
Dr. R. M. Powers, president of the San Diego Gas and Light 
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Company, and who is to be president of the new concern, of 
which L. M. Arey is secretary, its directors being Geo. Chaffey, 
of the Peoples Gas Company, of Los Angeles, and of the Ameri- 
can National Bank, of Los Angeles; Walter S. Newhall, J. W. 
Phelps, and Jno. G. Mossin, also of the American National Bank; 
Lynn Helm and E. S. Williams, of Los Angeles, and H. M. 
Byllesby, of Chicago. In addition to these its list of stockholders 
include the names of Fred W. Jackson, R. H. Dalton and M. Kew, 
of San Diego, and Daniel Meyer, of San Francisco. 


SAN FRANCISCO, CAL.—In his annual report to the stockhold- 
ers of the Northern California Power Company, President H. H. 
Noble says: ‘In making my third annual report, I regret to say 
that the past year has been one of disappointment; first, the 
Balakalala Consolidated Copper Mining Company failed to erect 
its smelter, to which we calculated on supplying at least 1000 
horsepower; second, the dredger at Horsetown, which we were 
supplying at one time with 700 horsepower has been a complete 
failure, owing, I believe, to the kind of dredger which was con- 
structed, rather than the fault of the ground. The groundis now 
being prospected by a party from Oroville, and I hope to see a 
modern dredgér running within the coming year; third, the 
farmers have been very slow in adopting electricity for pumping 
water for irrigating, although in every instance where it has 
been tried it has been a great success; and last, but not least, the 
Mountain Copper Company’s bill has been reduced from $3611.66 
in March of last year to $2130.79 for February of the present year, 
owing to the bad condition of the mine, due to a fire that has 
been burning for a long time. However, I am informed that the 
present ore reserves of the mine are greater to-day than ever be- 
fore in its history, although the recent decision of Judge Morrow 
is liable to delay the working of it, unless they can get the pres- 
eut judgment modified, which undoubtedly will be done. Not- 
withstanding all these failures and disappointments, our busi- 
ness has steadily grown and shows an increase of $27,648.03 over 
gross earnings of $150,924.50 for the previous year, making a 
total business for the past year, of $178,572.59. The profit on 
our electrical supply business for the year amounted to $4391.07. 
We have paid twelve dividends of $5000 each, making a total of 
$60,000, and in addition have been able to reinvest $19,070.46 for 
general betterment of our system. 

‘During the year we have contracted with the Mammoth Cop- 
per Mining Company to supply its mines and smelter with power 
fora term of ten years, and the company is actively at work 
erecting a large smelter at Kennet. It hopes to be running by 
September 1st. The Great Western Gold Company is also erect- 
ing a small smelter and will commence taking on about 200 ad- 
ditional horsepower by the first of the month. We have also 
contracted with the Hazel Gold Mining Company to extend our 
lines over into the French Gulch district, where I hope to be able 
to sell considerable power during the coming year. 

‘There has been a gross increase of the gas businessin Red 
Bluff and Redding of $3706.48; increase of the» Redding Water 
Company $257.01; and an increase of our whole syster: of 1104 
incandescent lights and 176% horsepower in small motors. New 
work completed during the past year consists of extension of our 
lines to the Mammoth mine, to the town of Kennet, to the mine 
and smelter of the Great Western Gold Company at Ingot, also 
from Volta to Manton and a branch to Copper City, making a 
total at the present time of 241% miles of high tension trans- 
mission circuits. We have also finished the Cow Creek power 
house at Kilarc, and have spent $6154 in the betterment of the 
Redding WaterCompany. We have expended $2250.20 on the 
Redding gas plant and $5606.61 in Red Bluff in extending our 
mains at those two points, thereby extending our service to dis- 
tricts not heretofore served. 

“It seems to me almost certain that there will be a material in- 
crease in our business during the coming year, but in view of the 
fact that we have nearly 5000 horsepower running to waste and 
much more power easily developed, I think it advisable toextend 
our lines farther south, on the east side of the Sacramento River 


[Vol. XV--No. 5 


through Chico, to Oroville and Marysville. In this field there is 
a great demand for power and at much higher price than we are 
getting in our section. There is new dredging ground being 
opened up anda number of electric railroads being planned, 
which will require a large amount of power. Therefore I strongly 
recommend the extension of our lines into this territory.” 

The financial report is as follows: Gross earnings. 

EARNINGS. 

Electric light and power sales 
Redding Water Company, water sales 
Red Bluff gas plant, sales 
Redding gas plant, sales 
Miscellaneous revenues 
Belle Vue Irrigation Company, water for 

irrigation sales 


$148,956. 26 
13,749.11 
8,685.05 


2,892.94 


$178,572.59 


Operating expenses 
General 


$ 18,714.12 
11,743.09 
600.00 
4,084.00 
4,674.18 
580.05 
50.00 
13,721.77 
4,031.70 
180, 38 
1,435.26 
110.80 
43,981.70 

—— $103,907.12 

$74,665.46 

4,391.07 

13.93 

79,070.46 

60,000,00 


Insurance 

Damage claims 

Redding Water Company expenses 

Red Bluff gas plant expenses 
Maintenance............... ESR ea eo vs cus 
Redding gas plant expenses 

Belle Vue Irrigation Company expenses... 
Interest on bond indebtedness 


Profit on store account, sales and surplus. . 
Pr. fit on repair work.... 

Net earnings for twelve mouths 

Dividends paid, twelve of $5000 each 


Surplus for twelve months 
Surplus March 1, 1904 97, 111.23 
Surplus March 1, 1905 116,181.69 

The regular monthly dividend, No. 13, of 5 cents per share, 
was declared, payable March 25th. The following directors were , 
unanimously re-elected: H. H. Noble, James Coffin, Edward 
Coleman, J. Henry Meyer and C. R. Downs. The directors or- 
ganized by re-electing H. H. Noble, president; James Coffin, 
vice-president; Edward Whaley, secretary; Ant. Borel & Co., 
treasurers and E. V. D. Johnson, manager. 


$19,070.46 


TRANSMISSION, 
GUANAJUATO, MEX.—The Guanajuto Power and Electric Com- 
pany is nor” operating its electric lines through to Leon and Labarca. 


City oF Mexico, Mex.—The Cerro Prieto Company has 
awarded a contract for the erection of a power plant in Magda- 
lena, Sonora. 


SEATTLE, WASH.—The coal mines of Lawson and Black Dia- 
mond are soon to be operated by electric power to be taken from 
the transmission lines of the Pacific Coast Company. 


NAPA, CaL.—James Steggs, an employee of the Bay Counties 
Power Company, who resides in this city, was instantly killed on 
April 7th, near Vallejo, by coming in contact with a live line wire. 


GoLpD HILL, OrR.—Dr. C. R. Ray, general manager of the Con- 
dor Water and Power Company, with headquarters at Gold Ray, 
states that by June ist contracts will be let for the development 
of 3200 horsepower additional. 


CITy OF MExIco, MEx.—W. A. Marsden, of St. Louis, has been 
investigating the water rights of the Banuco and Tamesi rivers of 
Tamaulipas to determine upon the feasibility of installing power 
plants for transmission purposes. 
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KENNEWICK, WasH.—T. A. Nixon, of Spokane, has made ap- 
plication for two twenty-year electric lighting franchises contain- 
ing the provision that the town may buy the plant at the end of 
either ten, fifteen or twenty years. 


BAKER City, Or.—H. H. Andrews, of the Eagle Creek Power 
Company, states that the enterprise has been revived and that the 
Company will install a 5000 horsepower transmission plant instead 
of one of 2000 horsepower as originally proposed. 


City oF Mexico, Mgex.—The San Ildefonso Hydro-Electric 
Company is increasing its water storage system so as to insure the 
ability of its hydro-electric plant to deliver its full capacity of 
4000 horsepower, if necessary, throughout the year. 


BisHop, Nev.—The Board of Supervisors has granted a county 
franchise for Inyo County to the Owens River Power and Water 
Company for the building of an electric transmission line from 
the site of its power house on Owens River to the Nevada State 
line. 


City oF MExICco, MEx.—Sansom Lang has obtained a con- 
cession from the government authorizing him to take water from 
the Amaouzac River in the district of Jojutla, State of Morelos, 
for the operation of a hydro-electric plant to be established nexr 
the town of Xicotlacotla. 


SAN JosE, CaL.—Chas. H. Price, the fourteen year old son of 
Mr. and Mrs. L. C. Price,of Sunnyvale, was killed on April 7th 
by touching a live line wire of one of the high pressure distribu- 
tion circuits of the United Gas and Electric Company from a tree 
up which he had climbed. 


San Dreco, Car.—Rufus C. Hubbard has made application to 
the County Board of Supervisors for permission to develop and 
use for transmission purposes the power which may be developed 
by the movement of the tide waters in the channel connecting 
False, or Mission Bay, with the Ocean. 


MARYSVILLE, CAL.—S. P. Jacks, of Prattville, is authority for 
the statement that the Western Power Company has compro- 
mised its differences with the Golden State Power Company and 
during the present summer will vigorously prosecute the develop- 
ment of its Butte Valley and Big Meadows plants. 


City oF MExico, MEx.—J. H. Deverauz, mining and electric 
engineer, of New York; Geo. L. Smith, of Colorado Springs, and 
A. B. Mason, of New York, are now surveying the route for an 
electrical power transmission line from Cananea to the junction of 
the Arros and Bavaspe rivers, 150 miles, where the Cananea Con- 
solidated Copper Company proposes to erect an Sooo horsepower 
hydro-electric power plant. 


SAN FRANCISCO, CAL.—The Truckee River General Electric 
Company will add a 2000-kilowatt alternating current belt-driven 
Westinghouse generator, four 750-kilowatt and four 625-kilowatt 
Westinghouse transformers to its present equipment. Westing- 
inghouse low equivalent lightning arreste1s and choke coils are 
being used for the protection of apparatus of its existing plants 
and more will be added for the new equipment. 


SAN FRANCISCO, CAL,.—The San Joaquin Power Company has 
closed contracts for the electrical and hydraulic machinery to be 
installed in its new Crane Valley power house as follows: ‘To the 
Wagner-Bullock Electric Company for two 1000-kilowatt three- 
phase generators and seven 350-kilowatt transformers for the power 
station and four 500-kilowatt transformers for the substation; to 
the Allis-Chalmers Company for two direct connected turbine 
water wheels for the respective generators. 


SAN FRancisco, CAL.—The Tonopah Mining Company, by 
Chas. R. Miller, vice-president, and F. A. Keith, general manager, 
has awarded the contract for an electric power transmission 
plant to cost approximately $100,000 to Messrs. Chas. C. Moore 
and Company, Engineers. The machinery is to be delivered early 
this summer, and the plant will be ready for operation simul- 
taneously with the completion of the compaiy’s large smelter at 
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Tonopah. The power station will be erected at ‘‘The Wells,” 
where there is plenty of water, and a fifteen-mile pole line, with 
copper transmission wire carrying 22,000 volts, will connect with 
Tonopah. A brick transformer house will be built adjoining the 
main building. Three McIntosh & Seymour compound, gridiron- 
valve, horizontal engines will be direct connected to three West- 
inghouse 250-kilowatt three-phase 2200-volt twenty-five-cycle gen- 
erators. Special speed regulating devices, operated from the 
switchboard by electricity, will keep the three engines at the 
same speed when operated in parallel. Wheeler condensers, and 
auxiliaries electrically operated, will be installed. A Wheeler 
cooling tower will be erected. John Hays Hammond is consult- 
ing engineer for the Tonopah Mining Company. 


“TRANSPORTATION. 


SACRAMENTO, CaL.—Assembly bill No. 472, known as the rail- 
road crossing measure has been approved by the governor. The 
vital part of the bill reads: ‘‘No railroad main track crossing 
outside the limits of any incorporated town, city or city and 
county shall be at grade, unless the party proposing such cros- 
sing at grade shall at its own sole cost and expense protect such 
crossing by the construction, operating and maintenance of an 
interlocking plant, with suitable signals and derails; but either 
party to such crossing may insist upon a separation of grades, in 
which case the cost of constructing such crossing with separate 
grades shall be equally divided between the railroad companies 
concerned; and, provided further, that where any such crossing 
has been constructed at grade either company may at any time 
thereafter require a separation of the grades at such crossing, 
each company paying one-half of the expense of such separation; 
and, provided further, that the foregoing provisions shall not be 
constructed as requiring a separation of grades where such separ- 
ation is physically impractical, and in case of any dis- 
pute or controversy as to the physical practicability of any 
undergrade or overhead crossing the same shall be deter- 
mined by the Superior Court of the county in which such cros- 
sing is situated in action or proceedings brought by either party 
for that purpose.”’ 


GAS. 


ANAHEIM, CAL.—The Anaheim Gas Company is laying its 
street mains and expect to have its gas works finished by May 15th. 
Tacoma, WAsH.—The Tacoma Gas and Electric Company is 
erecting a 5,000,000 cubic feet steel tank gas holder at a cost of 


$40,000. 

HonoLuLv, H. T.—The Honolulu Gas Company, of which W. 
R. Castle is purchasing agent, will erect its new gas works in the 
Iwilei district. 

City OF MExIco, MEX.—Uriah Johnson who has been pros- 
pecting for oil near Zapotian, Jalisco, believes that natural gas 
will be found in that section in large quantities. 


Lompoc, Car,.—The Board of Trustees of the town have adver- 
tised for sealed proposals giving them the alternative of purchas- 
ing either a 600-light or a 1000-light acetylene gas machine. 


RENO, NEv.—The Reno Power, Light and Water Company, by 
P. L. Flanigan, president, has applied to the City Council for 
permission to build a new gas works to cost $25,000, within the 
city limits. 

Fort STEELE, B. C.—The Imperial Coal and Coke Company 
which owns extensive coal fields at Fording River near here 
claims that as the result of tests which it has had made its coal 
will produce 10,000 cubic feet of gas per ton. 


PALO ALTO, CaL.—D. O. Druffel, of Santa Clara, has secured a 
local franchise for a gas works and will begin the laying of street 
mains at once. It is possible that gas may be taken from the 
high pressure gas service of the United Gas and Electric Company. 
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SAN BERNARDINO, CaL.—Barth & McGillivrary, of Corona, 
have secured the contract for building the First street gas works 
of the Home Gas Company, and contracts have also been let for 
the laying of nine miles of street mains. The parties named have 
also secured contracts for the building of gas works in Monrovia 
and Anaheim. 


Suisun, Cal.—Reports are current that natural gas from a well 
bored some years ago to a depth of 1500 feet at a point eight miles 
east of here is to be piped from Suisun to Fairfield. The capacity 
of the well is stated to be more than 100,000 cubic feet daily. It 
is known as the Rochester Oil well and the project is being ex- 
ploited by the Rochester Oil Company, among whose directors are 
J. R. Chadbourne, James A. Keyser, Geo. A. Lamont, E. P. Hill- 
born, T. H. Wood and Geo. B. Trainor. The plant has been re- 
ported on favorably by C. P. Grimwood, the gas engineer of San 
Francisco, and the president and secretary of the company have 
been empowered to enter into contracts to purchase machinery, 
pipe and equipments necessary for the establishment of the plant. 
The gas flow was struck about three years ago while the well was 
being drilled for oil, and the gas discharge was of such high pres- 
sure and forced such large quantities of gas from the well that 
drilling had to be suspended. Since then the property has lain 
idle, but it is now proposed to improve it as a gas well. 


Los ANGELES, CaL.—The Los Angeles Gas Ordinance over 
which there was so much litigation has been declared invalid by 
the United States Supreme Court in two tests cases and as a result 
of these decisions the recently organized Peoples Gas Company 
has been enabled to acquire the independent gas plants built by 
Prof. T. S. C. Lowe for the purpose of enlarging and piping their 
product into the city. In these test cases the opinions of the 
State Supreme Court were reserved in both instances. One case 
was a petition for a writ of habeas corpus and the other was a 
damage suit. The Los Angeles Board of Supervisors decided to 
keep a projected gas plant outside of certain limits and passed a 
general law to fit the case. A penalty clause was attached to the 
measure. Martin Daly, an employee of the gas company, vio- 
lated a feature of the ordinance before witnesses and was arrested. 
Caroline W. Dobbins instituted a civil suit for damages to test 
the same provision and both cases were taken to the Supreme 
Court together. Daly was convicted of violating the measure in 
question and was fined $100. He appealed to the Superior Court, 
which upheld the action of the inferior tribunal. The State Su- 
preme Court sustained the lower courts and an appeal was finally 
taken to the United States Supreme Court. Caroline Dobbins 
claimed that she had been damaged through the enforcement of 
the ordinance because it interfered with her constitutional rights. 
The Federal Supreme Court holds that the measure in aiming to 
prevent the construction of a gas works within certain limits is 
violative of the constitutional provisions which guarantee rights 
in conducting legitimate business to all citizens. Daly was or- 
dered released, Caroline Dobbins gets $144 damages and the gas 
works can be constructed as planned. 


ILLUMINATION. 

LAKEPORT, CAL.—J. K. Burch has been granted a local elec- 
tric lighting franchise. 

SPOKANE, WASH.—The project of installing a municipal elec- 
tric lighting plant for the purpose of at least furnishing street 
lights is being revived. 

SEBASTOPOL, CAL.—The Sebastopol Light, Power and Water 
Company has applied for a local electric lighting franchise, which 
will be sold on June 6th. 

BRIGHAM, City, UTAH—A, L. Wight and V. F. Davis have been 
granted a franchise permitting the erection of electric light poles 
along public highways from Brigham to Perry. 

OAKLAND, CAL.—P. J. Dyer, a lineman, was instantly killed on 
April 15th, by receiving a 4000-volt shock from the distribution 
circuits of the Suburban Electric Light Company. 
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San Digco, CaL.—Ordinance No. 1996 has been passed requir- 
ing that all overhead wires shall be placed underground upon 
thirty days notification by the Board of Public Works. 


San Dieco, CaL.—Ordinance No. 1978 has been passed grant- 
ing certain franchise privileges to the United J,ight, Fuel and 
Power Company, which proposes to engage in the gas and elec- 
tric business in this city. 


ANAHEIM, CAL.—H. L. Boxall and J. F. Torrence, engineers, of 
Los Angeles, have submitted a proposition to the City Council 
proposing the re-construction and enlargement of the City Power 
Plant at an estimated cost of $49,000. 

San Josx, Cat.--Messrs. E. A. and J. O. Hayes, of this city, 
have recently contracted with the Electric Storage Battery Com- 
pany, of Philadelphia, for the installation of a storage battery 
plant consisting of sixty-four cells, type 15-F, to be installed in 
connection with their isolated plant at Eden Vale. A switch- 
board and booster are also included in the contract. 


COMMUNICATION. 

RIVERSIDE, CalL.—The new independent exchange of the 
Riverside Home Telephone Company is now in regular service in 
this city with five trunk lines into San Bernardino. It is using 
the full automatic equipment of the Automatic Electric Company, 
of Chicago, and the initial installation is for tooo lines. The ex- 
change is described in The American Telephone Journal for 
March II, 1905. 


LORD’S LIST OF TRADE PAPERS, 


DAINTY vest bocket brouchere that is as handy as it is 
invaluable to advertisers, has just been issued by the Lord 
Advertising Agency, Scranton, Pa. In it all trade papers 

are classified under appropriate headings and specific information 
is given concerning each in matters pertaining to addresses, its 


‘publishers and their periods of publication, circulation, rates, size 


of paper and dates on which forms close. It is prefaced by a 
brief but thoroughly sane treatise on Trade Papers which contains 
advise to advertisers that is alone worth many times the price of 
the book—$1.o0. 


WESTINGHOUSE APPARATUS FOR COPPER MINES. 


The Mammoth Copper Mining Company, of Salt Lake City, 
has just placed an order with the Westinghouse Electric and 
Manufacturing Company for a large addition to its electrical 
equipment. A total of nearly 800 horsepower in induction 
motors of different sizes, together with a motor-generator set, 
transformers, switchboard and three mining locomotives, is in- 
cluded in the order. The motors, two of which have a rated 
capacity of 200 horsepower each, and five of fifty horsepower 
each, will operate on three-phase, 2000-volt circuits. 


WAGNER ELECTRIC MANUFACTURING 
COMPANY OPENS ITS OWN OFFICES, 


R. W. A. LAYMAN, general manager of the Wagner Elec- 

tric Manufacturing Company, of St. Louis, arrived in 

San Francisco a few days ago for the purpose of com- 

pleting arrangements whereby they will establish and conduct 

their own Pacific Coast district office. The intersts of the Wag- 

ner Company have for the last five years been effectively cared 

for by the well known Wagner-Bullock Electric Company of Cali- 

fornia, which company will now drop its use of the word “Wag- 

ner.’’ The business of the Wagner Electric Manufacturing Com - 

pany has grown to such important proportion and their program 

contemplates such extensive future development, that their direct 
representation has been determined on. 

As to the personal of the staff and business location a future 

announcement will be made. 





